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Farval lubrication 
first choice for 
Hill-Acme Upsetter 


UILDING peak performance into 

their machines is a point-of-pride 
with Hill-Acme. That’s why you'll find 
Farval lubrication systems on H-A 
machines such as this upsetter. 


When the going’s rugged, with 
shock, vibration and wear trying to 
take their toll, Farval continuously 
guards 59 vital bearings. . . continu- 
ously delivers measured amounts of 
lubricant at regular intervals. 

More and more, machine designers, 
engineers and production men are 
turning to Farval for the kind of lubri- 
cation that spells uninterrupted, main- 
tenance-free production. Let us tell 
you more. Write for Bulletin 26-S. The 
Farval Corporation, 3279 East 80th 
Street, Cleveland 4, Ohio. 


KEYS TO ADEQUATE LUBRICATION 


Wherever you see the sign of Farval— 
familiar valve manifolds, dual lubricant lines 
and central pumping station—you know a 
machine is being properly lubricated. 


FARVAL— Studies in 


Centralized Lubrication 


No. 218 


On this 14-inch Hill-Acme Upsetter, Farval’s timing 
cycle can easily be changed to conform with the 
service of the machine. Amount of lubricant deliv- 
ered to each bearing is also adjustable. 


AAA 


Affiliate of The Cleveland Worm & Gear Company, 


industrial Worm Gearing. in Canada: Peacock Brothers Limited. y 
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Menctinbintis of Packaging Machinery specify... . 


AP URA UU vA a gg BEARINGS 


AND ROD ENDS 
Cartoning machines fold package inserts and assemble them 


with the bottle or vial, insert them in a carton and deliver 
the finished package ready for shipment 

Rotary Fillers draw liquid or semi-liquid materials into a cyl- 
inder and discharge them, in accurately measured amounts 
int ntainers 

Casers assemble a load of cans, and insert the 
unusually high speeds 


load into a 
case at 
The Steriseal machine is used for high production steam 
vacuum sealing of glass containers. 


Bottles, jars, tubes, and a variety of articles are fed from 
the labeling machine to the cartoner which opens the fold 
ing box, inserts the contents, then tucks and delivers the 
complete package 

The Cigar Wrapper-Bander cellophane wraps and bands cigars 
faster than two a second 

Folding trays, for tomato packaging and other types of fruits 
and vegetables, are formed from flat stock 

Imprinting of the package is done in one pass through some 
machines 


The motions involved in the push-pull linkages of this automated machinery 
are intricate and ingenious. Heim Unibal Spherical Bearing Rod Ends are used 
where it is necessary to correct inherent misalignments, and where close accu- 
racy of fill and smooth operation at each station are mandatory. 


They are used as suspended bearing supports for belt rollers. They change 
motion from vertical to horizontal plane, and vice versa. 


The Unibal Spherical Bearing is exactly right as the support on one end of a 
helicoid timer, where a rotating shaft moving in all directions requires a focal 


® 
THE HEIM COMPANY 


IRFIELD, CONNECTICUT 


Quick and simple push-pull linkage assemblies are possible 
with one female threaded and one male threaded Unibal rod 
end. There is practically no limit to the length of linkages 
possible. 





WRITE FOR CATALOG 
WHICH GIVES COMPLETE DATA, 
OR LET OUR ENGINEERING 
DEPARTMENT HELP WORK OUT 
DETAILS OF YOUR APPLICATIONS. 
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This giant microwave tower is fabricated from Armco Zinccrip 
Steel Tubing. It is a product of Alprodco, Inc., Memphis, Tenn. 


Every structural member in this 260-foot microwave tower is 
made from Armco Zinccrip® Steel Tubing. Test loads testify to 
its strength in high winds. Its durable zinc coating assures resist- 
ance to rust. 

Armco Zinccrip Tubing provides this same sturdy strength and 
corrosion resistance in hundreds of other products—from farm 
gates, TV masts and playground equipment to carport supports, 
sign posts and conveyor rolls. 

Wherever you need structurals that must resist rust, must remain 
strong, consider Armco Zinccrip Steel Tubing. It’s a low-cost 
solution to problems of tubular design. What’s more, it can be 
readily fabricated without flaking or peeling of its full-weight, 
hot-dip coating of zinc. 

In addition to this zinc-protected grade, Armco produces two 
durable grades of aluminum-coated tubing. For more information 
about these cost-saving Armco Coated Tubing grades—why and 
where they’re used— just fill in and mail the coupon. 





Husky tower of 
Armco ZINCGRIP 
Steel Tubing 
shrugs off 


wind loads, 
resists rust 


ARMCO STEEL CORPORATION 
1399 Curtis Street, Middletown, Ohio 


Please send me a copy of your folder, “Why Designers 
Specify Armco Coated Tubing.” 


We make 
NAME 
TITLE 
FIRM 
STREET 


city 





ARMCO STEEL 





Armco Division * Sheffield Division * The National Supply Company * Armco Drainage & Metal Products, 
inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 
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Product Engineering 


THE McGRAW-HILL MAGAZINE OF DESIGN, RESEARCH AND DEVELOPMENT 


FEBRUARY 16, 1959 Vol. 30, No. 7 


What's New About 
the New Papers 50... A R Gardner, Associate Editor 


rhe ancient material has become engineered sheeting for a thou 
sand jobs—new fibers add strength and dimensional stability; new 
treatments increase moisture resistance, stretchability, heat resist 
ance. Here is what’s now available and what's to come 


When Air Is the Coolant * Mrs B O Buckland, General Electric Co 


Design guide gives quick way to estimate whether the assembly 
will run too hot—and whether self-cooling methods of radiation or 
convection can handle the trouble. Author supplies the necessary 
equations and heat-transfer coefficients 


Design Features in New Products Rubber parts are feature of this positive-displacement pump; new 
way to stop runaway turbines has release-grooves that allow blades 
to break off; overrunning clutch improves bus ride by giving 
constant flow of power and smooth shifting of gears 


Forging Adds Muscle to Castings W Rostoker, Armour Research Foundation 


Fresh data on this hybrid technique shows how follow-up forging 
can press strength into lightweight parts cast from aluminum and 
magnesium alloys 


Metal Bonding Aids Spinning Harold Marks, Boeing Airplane Co 


A quick look at a new way of spinning very thin metal into 
wrinkle-free parts. An aluminum sandwich gives the protection 


ASLE’s Gear 
Symposium Nicholas Chironis, Associate Editor 


An on-the-spot evaluation of papers comparing performance of 
various gear-testing rigs; new formula for wear of gear surfaces 
subjected to oscillating motions 


This Failure Diagram for 
Fluctuating Stress * 66... MF Spotts, Northwestern University 


It’s estimated that 90% of failures in machine parts come from 
fatigue rather than overload. Here’s the authors graphical way 
of determining safety factors when fluctuating loads are superposed 
on already existing stresses. Author gives an example that applies 
the method to cantilever springs 





“DESIGN FILE 








Universal Tables for Circular 
Segments and Sectors 72... A digest from Technische Rundschau 


These design aids are from an article published in Switzerland 


by R Huber. 


Interesting to Note Significant Components 
Developments to Watch 
The Engineering Week 
Coming Events 

Reader to Editor 
Design Perspectives 
Editorial Current Reprints 


Catalogs and Bulltins 
Tangents 
Design Abstracts 












Jet, Se ier ae 
BLOCKS of ZyreLt prove their high strength 
under heavy loads, need little or no lubri- 
cation. (Molded by Danielson Mfg. Co.., 
Danielson, Conn., for Boston & Lockport 
Block Co., Inc., East Boston, Mass.) 


RUGGED GEAR and clutch activating band 
for power mower operate quietly . . . often 
outwear metal parts. ZyTEL provides sim- 
plified fabrication, lower costs. (Mower by 
Clemson Bros., Inc., Middletown, N. Y.) 















FISH SCALER is inserted in electric drill 
chuck. Zytet will not corrode . . . has out- 
Standing resistance to abrasion. (Molded by 
Berea Plastics Co., Berea, Ohio, for Jaco 
Sales Corporation, Cleveland, Ohio.) 













HAMMER FACES are spark-proof, chip- 
proof, long-wearing. They demonstrate the 
high impact strength of Zytec. (Molded by 
Danielson Mfg. Co., Danielson, Conn., for 
Lixie Products Co., Providence, R. 1.) 





PLATES for conveyor chain snap into place, 
thanks to resilience of ZyTEL. Construction 
is smooth, simple, strong, economical. 
(Molded by Danielson Mfg. Co., for Chain 
Belt Company, Milwaukee, Wisconsin.) 





PUSH-PULL CONTROL has case and gears of 
Zytet 101 nylon resin and tubing of Zytet 
42, a special extrusion grade. The parts are 
tough, need no lubrication, cannot corrode. 
(By Western Control Corp., Wichita, Kan.) 






















St oh, 


STRONG, LIGHTWEIGHT ASSEMBLY is used 
to adjust support cord for musical instru- 
ments. (““Sax-O-Matic™ by Hertz Music-All 
Instrument Co.; parts molded of Zytet 
nylon resin by Fibro Corp., Clark, N. J.) 
























BALL RETAINER of Zyret nylon resin for 
automotive precision bearings replaces pow- 
dered bronze and steel. Both weight and 
friction are reduced. (By L. & S. Bearing 
Company, Oklahoma City, Oklahoma.) 



















eae: SUR cde lad 
“SPIDER” (by Darrill Products Corp., At- 
tleboro, Mass.) for oscillator adjusting coil 
assembly used in sub-miniature TV tuner 
(by General Instrument Corp., Newark, 
N.J.)employs dielectric properties of Zy TEL 








Latest designs are more effective... 
more economical with ZYTEL’ nylon resins 


ZYTEL nylon resins offer a combination 
of properties that can cut the cost of 
parts in your designs. High strength leads 
a long list of advantages such as light 
weight, heat resistance, form stability, 
good bearing properties, colorability, re- 
sistance to abrasion and impact. Savings 
often result from the production advan- 
tages of these versatile resins. 

ZYTEL can be injection-molded, pro- 
ducing complex parts to accurate toler- 
ances, Rapid, large-scale output is made 
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possible by the use of multiple-cavity 
dies. Material waste is cut toa minimum 
and inspection and finishing costs greatly 
reduced. Often, a single molding of ZYTEL 
can be designed to replace an entire as- 
sembly of parts with considerable sav- 
ings, no loss in strength and improved 
efficiency. 

ZYTEL may be just the material you 
need to design more effectively at lower 
cost. For technical facts and design in- 
formation write to: E. I. du Pont de Ne- 


mours & Co. (Inc.), Polychemicals De- 
partment, Room Z-36-2-16, Du Pont 
Building, Wilmington 98, Delaware. 


In Canada: Du Pont of Canada _ Limited, 
P.O. Box 660, Montreal, Quebec. 


BETTER THINGS FORBETTER LIVING ... THROUGH CHEMISTRY 
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Interesting to Note 


German Gears 


Our cover this week shows the 
assembly of a right-angle gear trans- 
mission. The gear in the back- 
ground does not become part of 
the assembly. The photo was taken 
in the Duisberg, Germany plant of 
DEMAG Aktiengesellschaft, which 
manufactures a variety of 
drives and heavy machinery. 

Although we live in a modern 
day and age, it’s occasionally nice 
to learn that the old-fashioned ways 
of turning gears have not been com- 
pletely dominated by the new. A 
decision issued this year by the 
New York State Workmen’s Com- 
pensation Board dealt with one of the sources. 
It seems that a factory upstate found one crisp morning that the 
river turning its waterwheel had frozen So the 
couldn’t turn and the plant had to lay off its emploves. The com 
pensation board considered this a perfectly legitimate reason to 
close the plant and gave financial aid to the workers 

Ice is one gear problem we don’t think much about these days 
Lubrication (p. 64), on the other hand, has been with us since 
carly man first slapped animal fat on the axle of his cart to make it 
easier to pull. Tallow, probably the oldest gear lubricant, is still 
used. Some old-timers still believe that wooden gears can best be 
serviced with animal fats, 
lubricant, but as a wood preservative as well 


gear 





state’s oldest power 


over. gears also 


claiming these not only act as a fine 


The Bridge on the River Tay 


Through Scotland flows the Firth of Tay. Winding through 
county Perth, it empties into the North Sea about 35 miles north 
of Edinburgh. To bridge this river had long been the dream of a 
energetic civil engineer Thomas Bouch. He sug 
gested constructing a railroad bridge in 1857, but his idea seemed 
too preposterous. “Cross the Firth of Tay by railroad? It’s impos 
sible,” said spokesmen for the North British Railway. What Bouch 
28 to 285 feet in length. A pair of 
tracks would lie on latticed girders resting on brick and cast iron 
piers. 


young, named 


envisioned was 85 spans from 


Freight, commuters and mail woukl be able to travel from 
North Scotland to South without changing trains twic« 
a slow ferry. Bouch also ran into trouble with 
who felt that a bridge without a 
criminal. 

After many hard years, 


and riding 
group of citizen 
footpath for thrifty Scotsmen was 


Bouch was able to sell his idea to the 
CONTINUED ON PAGE 7 
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socket set screws!.. “agvar 
‘Dutton head cap screws! .. 


Parker-Kalon has everything. The most complete line of socket screws 
in the industry and instantly available from your local P-K° distributor. 
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Top quality and dependability, too. For example, P-K Dowel Pins are precision ground, positively dimen- 
sionally accurate. The development of Parker-Kalon’s specially heat-treated pin answers the need for 
maximum holding power in assemblies where parts must be accurately positioned and held in absolute 
relation to one another. Available in .0002”’ standard oversize and .001’’ oversize for repairs, they assure 
perfect alignment and facilitate quick disassembly and reassembly of parts in exact relationship. 


The same high P-K Standards apply to Parker-Kalon SHOULDER SCREWS, SET SCREWS, FLAT 
HEAD CAP SCREWS, BUTTON HEAD CAP SCREWS, PIPE PLUGS and the new P-K PRE-LODE 
. . . the socket head cap screw with the increased bearing surface under the head that gives greater load 
carrying capacity and permits high tightening—full pre-loading—with no danger of marring or indenting 
softer material. 


gil SET Ne Ms sevtning 1 ions Ask your P-K Industrial Distributor to show you samples 
of most popular m4 CEYS (Short . ; ’ rr 
‘Arm Series) in @ convenient steel case, 21 P-K Socket Screws...the industry's most complete line! 


with easy-to-use key island and simple 
Table for quick key selection for all types 


of socket screws. ® 
KEY SET No. 45 offers same 11 Hex 

Keys in a durable, compact plastic 7 

pocket case. 


Socket Screws 


PARKER-KALON DIVISION, General American Transportation Corpor- 
ation, Clifton, New Jersey. Offices and Warehouses in Chicago and Los Angeles 


KEEP AMERICAN INDUSTRY AT WORK, BUY P-K, MADE IN THE U.S.A, 
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Interesting to Note .... (Continued) 





railroads. The next step was to secure a contractor willing 
to undertake the construction of what was to be the 
world’s longest bridge. The danger of such an enterprise 
kept many contractors from even submitting bids. Finally 
after several bids had been accepted by Bouch only to 
be rejected by the contractors themselves, the London 
firm of Charles de Bergue and Co took the job. Bridge- 
building during the 19th century was tricky. Each new 
bridge had to face an entirely new set of circumstances. 
Cast iron was the material of the day, and unlike castings 
of today (p. 61) it was not a uniform material. Also, 
stiess analysis was hardly known; nobody bothered to 
consider the lateral stresses on a railroad bridge. Why 
should they? “Trains don’t run sideways.” In America, 
bridges were collapsing at a rate of 25 per year; young 
engineers learned by studying their elders’ mistakes. 

In the Firth of Tay job, many new methods of bridge 
construction were adopted out of sheer necessity. Lives 
were lost, but on Sep 26, 1877, the first train rolled 
across the great bridge over the Tay. Within a year the 
bridge proved its worth, carrying 84% of the Dundee- 
Edinburgh traffic. However, all was not mellow in Scot- 
land. Commuters began complaining that the bridge 
“galloped.” Officials paid no heed, even when some 
passengers went back to riding the ferry. A boatman who 


fished under the bridge saw “a peck of rivets drop out - 


from above” every time a train crossed. 

Disaster struck on Christmas Sunday, 1879. - As 
No. 224 was crossing on that rainy, windy night, the 
bridge began to gallop; gale winds caused the heavy cast 
iron spans to sway; finally, the center section fell 88 feet 
into the river, taking with it the entire train and 75 lives. 
Local preachers immediately said that taking a train on 
the Sabbath was to blame, but it was learned later that 
the cause of the tragedy rested with the foundry that 
had produced the cast iron girders. 

Because casting methods were new and untried, blow 
holes often resulted. Some of the girders were so full of 
holes they looked like Swiss cheese. Instead of wasting 
money on new castings, the faulty ones were patched up 
with a substance made of beeswax, fiddler’s resin, iron 
borings and lampblack. This mess, called Beaumont Egg, 
plugged the blow holes and, when painted, looked as 
strong as iron. Together with high winds, the stresses 
set up by the rumbling train were too much for the 
weak girders to withstand. 


Somebody Forgot the Wood 


A new atomic battery to power a transmitter in a 
satellite has been hailed as one of our greatest steps for- 
ward in the field of communications. How many times 
in the past have those same words been uttered? Tele- 
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phone, radio, television, the Atlantic Cable—all were 
momentous forward strides but for perhaps the greatest 
advance in communications you have to go much farther 
back in history. 

Around the time of Christ a Chinese court official 
named Ts’ai Lun mixed some mulberry bark, hemp and 
rag with water. He mashed this into a pulp, pressed out 
the water and placed the thin mat in the sun to dry. 
Ts’ai Lun had just invented paper. It took more than 
a thousand years before this process reached western 
cultures. Ironically, the Chinese formula for paper be- 
came garbled en route to Europe—somebody forgot the 
wood. Until the 1800s, the Western world used only 
cloth and rags; a good worker could turn out 750 sheets 
a day but it was very expensive. 

During the Revolutionary War, paper was so scarce 
that Colonial soldiers resorted to tearing up books to 
obtain wadding for their guns. The situation became so 
desperate that George Washington ordered the discharge 
of some soldiers who were papermakers and sent them 
back to the mills. It wasn’t until 1850 before the Ger- 
man, Frederic Kellar, put wood fibers back into paper 
and it was the American C, B. Tilghman who solved the 
major chemical problem with his discovery of a sulphite 
process for dissolving unwanted resins in wood. Within 
two years paper was mass-produced inexpensively. Now 
we have paper machines as long as football fields that 
can produce sheets of paper 20 ft wide at almost 25 mph. 
And of widening range of properties (page 50) as we learn 
how to combine wood with new synthetic fibers. 


The Last Trolley from LA 


Hush, little Ford, 
Don’t you cry, 
You will be a jitney 
Bye and bye. 
—The Dallas Dispatch 


Public transportation has been a concern to every large 
city in America—how to serve the most people at the 
lowest cost. The first problem of this nature to confront 
a city council was in Los Angeles back in 1914. At that 
time the common way to travel was by electric streetcar. 
This was before the buses (p. 60) and taxis of today, 
but not before Ford’s Model T. A “trolley trust” had 
a virtual stranglehold on the city’s transportation. Sud- 
denly, about 700 privately owned automobiles simul- 
taneously sprang up to move in on the streetcar’s busi- 
ness. At a nickel-a-fare these motor cars would dodge in 
and around trolleys, taking passengers into town in the 
morning and to the outskirts at night. 

About the same time a jail trusty called Jedney was 
smuggling tobacco to his fellow inmates in a Los Angeles 
jail. For every dime received he gave a nickel’s worth of 
tobacco. Hence a “Jedney’s worth,” later “jitney’s 
worth,” meant five cents’ worth of anything. Soon the 
nickel-a-rides in Los Angeles were dubbed jitneys. 

They badly hurt the streetcar business; in their prime 
they took in almost three million dollars a year. Then 
the primitive jitneys faded and large “jitney buses” 
roamed the streets of Los Angeles. The death knell for 
trolleys had begun to toll. §—Benedict A Leerburger Jr 
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This NEW Manual 


NEMA Sizes 0 and 1 
‘A Two, three and four-pole construction 
ie 
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ELECTRICAL 
EQUIPMENT 











EC&M HEAVY INDUSTRY ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE [) COMPANY 
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SMALLER! 


Takes less space, whether it’s 
built into machine or mounted 
externally 


Wire it without removing starter 










EASIER INSTALLATION! 


from enclosure. All terminals 
have pressure wire connectors 








SMART STYLING! 


Matches the streamlined ap- 
pearance of today’s modern 
machines 


QWIK-MAKE, QWIK-BREAK! 
Positive snap action opening 
and closing of contacts. Longer 


EASIER MAINTENANCE! 
“Off-the-Sheif” parts kits make 
normal maintenance and modifi- 
cations easier than ever.They’re 
easy to buy, easy to identify, 
and faster to install 


TAMPER-PROOF! 


























contact life Cover padlocking device pre- 

vents tampering by unauthor- 
TRIP-FREE ized personnel. Safety latch 
OVERLOAD PROTECTION! locks “start” button in “OFF” 





Impossible for operator to hold 
motor circuit closed against 
overload 


POSITIVE PROTECTION! 


Starter will not operate 
without overload units installed 
LONGER LIFE! 


Toggle Action operating mech- 
anism. Heavy duty construction throughout 


position 


VISIBLE INDICATION 

OF OVERLOAD! 
Self-centering pushbuttons 
show when overload has oc- 
curred 



























CHOICE OF ENCLOSURES 


(a 8, 
NEMA 12 NEMA 7-9 NEMA 4 Flush 


Industrial Use Hazardous Water-tight Mounting 
Dust-tight Locations 


Fractional-horse- 
power manual start- 
ers are available 
in a full line of en- 
closures including 
General Purpose, 
Flush Mounting, 
Water and Dust 
Tight, and Explo- 
sion Proof 








Wrile tor BULLETIN 2510 B-C 
Address Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 
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new concept 
to simplify your spring 


design and purchasing problems 


Select-A-Spring 


ready-to-use engineered standard springs 


Now you can select compression or ex- 
tension springs from hundreds of ready-to- 
use, engineered standard-specification sizes. 
No fuss or paper work-—-no blueprints or 
drawings necessary. Select-A-Spring en- 
ables buyer or designer to pinpoint his 
needs without delay. Simply match your 
requirements to the Select-A-Spring list, 
order by catalog number, quantity and ma- 
terial. Especially convenient where quan- 
tities are moderate. 

Select-A-Springs are pre-engineered, using 


wire certified to military and aircraft speci- 
fications, in various lengths, diameters, 
rates, and loads up to 20 lb. They meet 
industry and military standards. Material 
is either music wire or stainless steel. Com- 
pression springs are squared and ground. 
Extension springs have regular loops. Other 
ends and loops optional. 

Whether your need is immediate or 
future, write now for the A.S.C. Select- 
A-Spring list. Keep it handy as a time- 
saving, useful spring service. 


Associated Spring Corporation 


General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y 
B-G-R Division, Plymouth and Ann Arbor, Mich. 
Gibson Division, Chicago 14, lil. 


Raymond Manufacturing Division, Corry, Penna Seaboard Pacific Division, Gardena, Calif. 


Ohio Division, Dayton, Ohio Cleveland Sales Office, Cleveland, Ohio 


F. N. Manross and Sons Division, Bristol, Conn Dunbar Brothers Division, Bristol, Conn. 


Milwaukee Division, Milwaukee, Wis. San Francisco Sales Office, Saratoga, Calif 


Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R 


Wallace Barnes Steel Division, Bristol, Conn. 
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NEW roller chain acl 


CHAINS 


gineering data book 





















154-pages of application 
information, engineering data .. . 
sectionalized for easiest use 


Not just another catalog, but an entirely new 
engineering handbook — the most compre- 

hensive, easiest-to-use yet published on de- 

sign and application of modern roller 
chain and sprockets, 

Contains full data on the complete 
Link-Belt line of roller chain for 
both power transmission and con- 

veyors .. . helpful application 
facts... new designs. Mail 
the coupon below for your 
free copy. 
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LINK-BELT COMPANY 
Dept. RC, Prudential Plaza, Chicago 1, Ill 
Please send me a copy of the new Link-Belt Roller Chain Book 2657 
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LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chi- Address : — 
cago 1. To Serve Industry There Are Link-Belt Plants, Sales 
Offices, Stock Carrying Factory Branch Stores and Distributors in 
; All Principal Cities. Export Office, New York 7; Australia, Mar- 
{ rickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro (Toronto ‘ 
i 13); South Africa, Springs. Representatives Throughout the World. Ccur css <1sneries anit ean ane ahbentenenenenenandiementindl a 
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... how four of 


@ The advanced product and process engineers at 
each of our plants are available to assist you with the cast- 
ing design considerations. It is Central Foundry’s practice 
to suggest design changes that ordinarily do not affect the 
part functionally, but often reduce casting weight, thus 
reducing casting costs. Your blueprints are returned to 
you with parting line, coring and gate locations as well 


Cobalt 60 radiography, a fast, positive 
method of detecting sub-surface defects, has 
replaced time consuming breaking, cutting and 
etching of castings, formerly used by the foun- 
dry industry to check new parts for soundness. 
This technique does not demand destruction of 
the part and gives positive location of any de- 
fects. With radiographs as a guide, our engi- 
neers can make necessary changes in gating, 
feeding and general design that assure quality 
castings at reduced cost, and do it in hours com- 
pared to days required for breaking or cutting. 


CENTRAL 


the engineering 
help you... the 


as suggested changes in casting design clearly marked. 


Our engineering staff is specialized to give you expert 
assistance in each of the metals Central Foundry pro- 
duces. When you are considering castings of ArmaSteel, 
malleable iron or grey iron to be cast in either green sand 
molds or by the more exacting shell mold process, con- 
tact the sales department of Central Foundry Division. 


FOUNDRY DIVISION 
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services at Central Foundry 
design engineer 


© Stress Analysis is also used at 
Central Foundry in the design or rede- 
sign of castings to reduce weight and 
improve mechanical strength. By an 
accurate study of stress, both statically 
and dynamically, Central Foundry en- 
gineers are able to suggest design 
changes, to put metal where it is 
needed, remove excess material, to 
recommend the best material for your 
part and thus assure the highest qual- 
ity castings at the lowest possible cost. 


© sonic testing is an electronic 
listening device developed by 
Central Foundry that automati- 
cally distinguishes between the 
vibrations of good and faulty 
castings and sorts them accord- 
ingly. The sonic testing machine, 
much faster and more accurate 
than visual inspection, eliminates 
human error and is ideally suited 
to high production of castings de- 
signed for critical applications. 


Central Foundry, with plants in Saginaw, Michigan, Defiance, Ohio, and Danville, 
Illinois, has the vast facilities and engineering services necessary to deliver, on 
schedule, quality castings in production quantities. Our sales engineers, product 
development engineers, foundry engineers and modern engineering services are all 


available to help you get quality castings . . . at low cost . . . in less time. a> 
GENERAL MOTORS CORPORATION + SAGINAW, MICHIGAN «+ DEPT. 10 
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N Guu... precise, low-cost temperature control 
-.. with new VERSA-TRAN’ 


VERSA-TRAN is an exciting new development 
in low-cost contro's—an entirely different kind 
of amplifier rlay that works with specially 
designed sensors to control temperature with 
the accuracy usually found only in more com- 
plex instruments. 


VERSA-TRAN relays are fully transistorized, 
vibration resistant, and designed for long, de- 
pendable service in even the most demanding 
applications. They control liquid or air tem- 
peratures in overlapping ranges from —60° to 
500° F, and surface temperatures from -60° 
to 200° F. 


Wiring between the relay and the sensor can be 


ordinary 18 gauge, 2-conductor cable. The relay 
is available for flush mounting, surface mount- 
ing, or for mounting in most electrical en- 
closures. It has been accepted for UL listing. 
VERSA-TRAN gives you flexibility and sensi- 
tivity at surprisingly low cost . . . is already 
solving many difficult control problems. 


Your nearby Honeywell field engineer can help 
you profitably apply new VERSA-TRAN tran- 
sistorized controls. Call him today . . . he’s as 
near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. 


Honeywell 
Prat we Coutrol 
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PRECISION THRUST WASHERS 


Variety in design and material 
Uniformity in quality and performance 


In solid bronze, or steel faced with lead or 
tin-base babbitt, or sintered copper-alloy or 
bronze on one or both faces. They are cold 
rolled for heavy-duty operation. 


Flat, spherical or special shapes, with coined 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 


Spacer 
Tubes 
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oil grooves, ball indentations on one or both 
sides, holes, nibs, lugs or scallops. Up to 5” O.D. 


Extensive manufacturing facilities. Quality 
control. Complete engineering service. 


11043 SHOEMAKER, DETROIT 13, MICHIGAN 


Copper-Alloy p Aluminum or 
Lined , Babbitt Lined 
Bearings y d Bearings 


Comshoft 


Bearings s o 
‘Ne e 40? 
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with TRU-LAY PUSH-PULL controls, you can--- 


Tru-Lay Push-Pull controls provide positive 
remote action over long or short distances. 
Because they operate while flexing, they 
can snake around obstructions. They are 
ruggedly constructed, easily installed and 
operated, and are sealed against dirt and 
moisture. Push-Pulls are simple, have but 
one moving part, are noiseless, and give a 
lifetime of accuracy. Linkages, on the other 
hand, are complex. They’re made of many 
parts, wear at many points, and produce 
increased backlash, lost accuracy, and vi- 
bration rattles. 





MAKE HUNDREDS OF PRODUCTS MORE USEFUL, EASIER 10 SELL 





COMPLEX MECHANICAL 


Fd a@~ LINKAGE 
1 - ig Sy ane 


SIMPLE 
TRU-LAY 
PUSH-PULL 





Here’s Why Push-Pull Controls Simplify Design, Give Better Performance 


Long Life—We have never heard of a Tru-Lay 
Push-Pull wearing out in normal service. 


Dependable Operation—Top performance un- 
der the most adverse conditions...intemperatures 
ranging from —70°F to the high levels of jet engine 
operation...in wet locations...in abrasive atmos- 
pheres. 


Freedom from Trouble —Inner working member 
is fully protected by tough, flexible conduit... life- 
time factory lubrication...sealed against entrance 
of dirt, moisture, and other foreign matter...cold 
swaging of all fittings. 


Design Engineers Report on Benefits 


Saves Time, Labor, and Material 

““We use Push-Pulls to operate clutch controls on 

the main power unit, feed conveyors, and delivery 
; conveyors...and we save the time, labor, and 

material required for planning and engineering the 

old linkages.”’ 

Grecter Flexibility of Design 

“Push-Pulls give us flexibility in locating the 

hydraulic control valve in relation to the opera- 

tor’s position.”’ 

Cost Less to Install 

“They are easier and less expensive to install than 

linkages for remote control of power take-off.”’ 


Accuracy —Built to the most exact standards of 
quality and precision. On automobile pushbutton 
transmissions, for instance, Push-Pull controls 
provide five positions with a total movement of 
only .560”. 

Capacity—Push-Pull controls will handle jobs 
with as much as 1,000 lbs. input, 150 feet or more 
from the control point. 


Adaptability —Push-Pull controls can be adapted 
to countless applications. Standard anchorages, fit- 
tings, and heads meet almost any requirement, and 
modifications can be made to fit special situations. 


Solution to Tough Problem 
“‘Can be installed where straight rods are 
impossible.”’ 
Eliminates Maintenance 
““No maintenance whatsoever; not even lubrica- 
tion is required.” 
Reduces Number of Parts 
“Your Push-Pulls have eliminated links, radius 
rods, and other lost-motion devices for remote 
control of hydraulic valves.” 
Provide Accurate Control 
““We get minimum backlash because the cable is 
designed to close tolerances with minimum drag 
and lost motion.”’ 


Push-Pulls Can Help Solve YOUR Remote Control Problems 


Push-Pull controls are solid as a rod and flexible as a wire rope. You can use 
them in the electrical, hydraulic, and pneumatic systems on construction 


equipment, on farm implements. . 


.almost anywhere convenient remote control 


is desired. For complete details on how you can use them, write for a copy of 
the Push-Pull Data File. It contains 7 bulletins which describe in detail the 
operation of Push-Pulls, their applications, features, and advantages. Our 
engineers will be glad to help you make Tru-Lay Push-Pull controls a part 


of your product. 


Automotive and Aircraft Division 


AMERICAN CHAIN & CABLE 





601-E Stephenson Bldg., Detroit 2 oul 
6800-E East Acco Street, Los Angeles 22 « 929E Connecticut Ave., Bridgeport 2, Conn. — 
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Dow Corning 


SILICONE NEWS 


for design and development engineers 


No. 59 





BUCKING THE TREND 


Designers who investigate will be pleas- 
antly surprised at the way the prices of 
Dow Corning silicone products have 
remained level or even declined while 
most material costs have been going 
steadily upward. A typical example is 
Silastic® LS-53, the Dow Corning 
fluorosilicone rubber. Just reduced in 
price for the third time, it now costs 
40% less than it did in 1956. 


Unusually resistant to fuels, oils, chemi- 
cals and high and low temperatures, this 
fluorosilicone rubber has become increas- 
ingly popular for O-rings, seals, gaskets 
and hoses. It’s the growing demand for 
LS-53, in fact, with both military and 
non-military that resulted in 
production economies which Dow Corning 
has passed on in the form of price reduc- 
tions now totalling 40%. (Cont. Pg 


users, has 


PERCENT CHANGE IN WHOLESALE PRICES 
942*100% ) 





aa 
oo 


ALL COMMODITIES? “*,,.. . 
ea 

oo i —— 

Phe a tt el 

Zs, é 

F Ney | = 

‘1 

7 


PI 

| 

| 
; | — 
5 CHEMICALS AND 
7 ALLIED PRODUCTS 

—— 

95 


5, 


7 
: 








a | 


8 1962 





1950 1954 ' 





BOOST PLANE’S CAPABILITY 
WITH SILICONE INSULATION 


An excellent example of how silicone 
electrical insulation reduces size and 
weight, while solving high temperature 
problems, is the a-c generator 
Convair’s supersonic F-102A. 


on 


The evolution of this generator typifies 





Valuable Reference for Designers 


Advance research and development engi- 
neers and maintenance equipment designers 
have found this eight-page, file-size guide a 
practical aid—a valuable “must” reference. 
It is a unique compilation of information 
essential to selecting the most suitable 
silicone fluid medium when designing for 
reliable, uniform performance. 

Typical applications cited show how sili- 
fluids used to advantage in 
damping, springing, coupling and related 
mechanical applications. Tables, graphs 
and figures complement detailed informa- 
tion about the properties that enable 
fluids to increase efficiency of 
existing designs and make possible new 


cone are 


silicone 


design changes. 


For your free copy, encircle 





industry's use of new materials to meet the 
light-weight and thermal demands of equip- 
ment on military aircraft. Built by Jack 
& Heintz, Cleveland, early models were 
insulated with Class B materials. In newer, 
supersonic aircraft like the F-102A, how- 
ever, the generator is cooled with an air 
stream in the range of 120 C (248 F) 

far beyond the ambient temperature allow- 
ances permissible for even the best Class B 
insulating materials. 


Jack & Heintz solved this jet-age problem 
the generator to incor- 
porate heat-stable Dow Corning silicone 
insulation. Insulated with 
new generator provides 


by re-designing 


the 
equivalent per- 
formance at the much higher temperatures 

. and it than 


silicones, 


weighs 9 pounds less 


its predecessor! 


How important is this weight saving? 


Applying a weight factor associated with 
aircraft like the F-102A, 
reduce take-off weight by 


these 9 pounds 
150 pounds, a 
very significant factor in boosting an air 
craft's speed, range and altitude capabilities 

. or in allowing for additional instru 


mentation or payload No. 604 


FOR DATA RELATING TO THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON ON NEXT PAGE 
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NEW FORMED - IN - PLACE 


HIGH TEMPERATURE SEALS 


Re-usuable seals for high temperature 


service are easy to make with Silastic®, 
the Dow Corning silicone rubber. Here’s 
how it’s done on the cabin heater ard 
de-icer ducts of DC-6 and DC-7 aircraft. 


A Silastic paste is applied directly to the 


edges of the switch plate opening of the 


duct. When the switch plate is put in 
place, the assembled parts act as the mold 


forming the silicone rubber gasket. 


Cured in place by operating temperatures, 


ynimuca 


TREND ( 
Now it makes even more sense than ever 
before to investigate silicones in seeking 
economical solutions to design problems. 
All 


Silastic 


Dow Corning Silicones, 


LS-53, 


not just 


have followed downward 
price trends with increasing use and demand 


despite a rising commodity index! No. 607 


the Silastic paste forms a resilient, custom- 
that 


tight seal regardless of vibration or internal 


fit gasket maintains a permanently 


pressure. What’s more, the silicone rubber 
the 350 F 
stream passing through the ducts, and can 


gaskets are unaffected by air- 
be counted on to keep a positive seal even 
if the unit 

rise to 500 F. 


overheats and temperatures 


If you need resilient, high 


gaskets in quantities too limited to justify 


temperature 


ready-made gaskets, do 
Silastic 
number. If 


as Douglas does 


specify paste rather than a 
part 


remember, 


need 
100 
panies supply moldings, extrusions, ducting 
and 


you quantities, 


more than rubber com- 


hose, tubing, coated fabrics, tapes, 


wire and cable, O-rings, gaskets, seals, rolls 
and sponged parts made from Silastic, the 
Dow Corning silicone rubber No. 606 


| 


| 


new literature 
and technical data 
on silicones 


FAST ENGINEERING AID. In just 30 minutes or 
less Silastic RTV 502, the new Dow Corning room 
temperature vulcanizing silicone rubber, sets into 
molds for prototypes and models, or for actual 
rubbery parts. On-the-job designs and testing 
can be done easier, faster. Typical properties 
and additional applications are listed in helpful 
data sheet. No. 608 
= 


PAINTS LAST LONGER .. . IF they contain sili- 
cones. A 4-page brochure explains the differ- 
ence between modified, straight silicone paints, 
and “‘siliconized” paints. It describes some of 
the more common applications and the mainte- 
nance-saving and extended performance life of 
silicone based paints, and also contains a listing 
of manufacturers. No. 609 


= 
SYL-OFF SAVES—Package designs for sticky prod- 


ucts can have functional freedom as well as 
attractiveness through the use of Syl-off coated 
papers, paperboard, liners, wrappers, and other 
packaging materials. These Dow Corning sili- 
cone paper coatings are now available from 
most paper companies and give the fastest, 
easiest release possible for products ranging 
from asphalt to candy, or adhesives to unvulcan- 
ized rubber. A brochure reviews more of the 
properties and uses for Syl-off. No. 610 


STICK WITH A BOND that does the best job 
Dow Corning silicone primers and adhesives for 
silicone rubber are used with metals, plastics, 
glass, ceramics, and many other materials where 
a good bonding surface is desired. Designing 
around silicone primers and adhesives can pro- 
duce a bond strength as strong as the tear 
strength of the silicone rubber itself. Two concise 
data sheets give full information. No. 611 


DESIGN TIP OF THE MONTH—Take a 
silicone-glass laminates. You'll be surprised at 
their versatility and usefulness, whether you 
design for consumer or industrial manufactured 
products. Examples of many applications and a 
comprehensive table of physical and dielectric 
engineering properties are contained in this 
4-page brochure No. 612 


look at 


NEW 1959 REFERENCE GUIDE to Dow Corning 
silicone products is now available. This file size 
brochure contains indexed sections covering sili- 
cone fluids, dielectrics, protective coatings, 
release agents, water repellents and Silastic, the 
Dow Corning silicone rubber. A handy rapid 
reference to the specific silicone product that will 
solve your design problems. No. 613 
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DEVELOPMENTS TO WATCH... 


Beryllium extrusions should be easier to get... 


. as Air Force and industry research programs 
now in progress begin to pay off. Beryllium Corp, 
for instance, now has “a sizeable R & D contract” 
from Northrop Corp, covering extrusion of beryl- 
lium metal, and plans intensive testing of lubricants, 


extrusion speeds and other processing factors. The 
Northrop work is to be completed within 6 months, 
but Beryllium Corp expects to continue its own ac- 
tivities in this area, hopes to make round-extruded 
shapes commercially available “in the near future.” 


Bigger nylon parts can be expected .. . 


. as an extrusion-molding process, developed in 
Denmark, swings into use in this country. First 
application in Europe was in nylon propeller blades 
(PE—Apr 14 ’58, p 19) and that’s slated to be its 


first use here. But Foster Grant Co, which now has 
exclusive US rights and is licensing use of the proc- 
ess, believes it has many other applications. Parts 
with diameters to and beyond 50 in. can be made. 


New approaches to design of fixed resistors . . . 


. . . are being explored by several companies, 
under Wright Air Development Command spon- 
sorship. Program goal is a device suitable for use 
at temperatures to 930 F and operable in the 
presence of nuclear radiation. P R Mallory’s re- 


search lab is testing tin and other metal oxide 
films. International Resistance Co is working with 
the noble metals and other alloys. Mallory also 
has a contract—this one from BuShips—to develop 
a high-temperature (750 F) variable resistor. 


Lightweight temperature-control system . . . 


. . . for aircraft cabin and camera compartments fea- 
tures foamed plastic as a means for protecting elec- 
tronic components from dust, humidity, and vibra- 
tion while holding down over-all weight. Devel- 
oped by Hamilton Standard Div, United Aircraft 
Corp, the system uses air siphoned from the en- 
gines for space heating, will get its first tryout in 


the Mohawk turboprop observation plane. The 
complete control system, Hamilton Standard says, 
weighs in at just a little over 13 Ib—about half as 
much as previous units of its type. Furthermore, the 
sealed-in-foam design, by providing vibration protec- 
tion, makes it possible to mount the unit directly to 
the airframe without shock mounts. 


Roller-type clutch, designed in England .. . 


. is adaptable to either electrical or mechanical 
activation, and will control 4 hp at 1500 rpm with 
only 7 watts of power in the solenoid. The rollers 
are positioned by a cage (integral with the toothed 
control wheel—see diagram) between the ID of the 
driving housing and the cammed hub (integral with 
the output gear). 

When the pawl is disengaged, the drag of the 
housing on the friction spring rotates the cage and 
wedges the rollers into engagement. This permits 
the housing to drive the gear, through the cam. 

When the pawl engages the control wheel while 
the housing is rotating, the friction spring slips in- 
side the housing and the rollers are kicked back, 
out of engagement. Power is therefore interrupted. 

According to the designer, Tiltman Langley Ltd, 
Redhill Aerodrome, Surrey, the unit will operate 
over the full temperature range of —40 to 200 F. 
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Positive drive is provided by this new British roller clutch 
design. Company says it’s unusually small and compact. 
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DEVELOPMENTS TO WATCH... 


Fine-lined patterns in glass .. . 


. . » for instrument dials and indicators are being 
produced at the Australian Defence Standards Lab- 
oratories by a method that seems unusually simple, 
flexible and low in cost. It does not involve incor- 
poration of photosensitive materials within the glass 
itself; instead, it takes advantage of the ability of 
some metals (notably, copper and silver) to travel 
from the surface to the interior of a glass plate along 
interstitial lines. 

The process, as described by the Australians: 

First, a film of metal is deposited on the glass, 
either chemically or by evaporation. Next, the film 
is covered with a photosensitive compound of the 
type normally used in photoengraving, so unwanted 
metal can be etched away. 

Next, the metal ions from the deposited film are 
made to enter the glass structure. This can be 
done either by gaseous or electrolytic technique. 

According to the Australian researchers, metal 
ions will diffuse into glass when the glass is heated; 


Compatibility is a requirement . . 


. . . that’s likely to appear in an increasing number 
of materials specifications as new fuels and fluids 
come into use, says Donald E. Roda of Rocketdyne. 
With the introduction of such materials for the new 
“storable” rocket propellants, he told the SAE, new 
problems in compatibility of these chemically active 
liquids with metals and plastics have arisen. 

These “storable” propellants are oxidizers that 
are liquid near or at ambient temperatures and pres- 
sures. They can be very “unfriendly” to other ma- 
terials. Nitrogen tetroxide, for instance, forms both 
nitric and nitrous oxide in the presence of water, 
and in short order will eat the cadmium plating off 


World's smallest tape recorder .. . 


. is claimed by Leach Corp of Compton, Calif. 
Less than 34 in. dia., and weighing barely 24 oz, it’s 
said able to handle both 4-in. and l-in. tape at 
speeds from 0.25 to 15 in./sec; operate at tempera- 
tures from —50 to 200 F and relative humidities of 
0 to 100%. Power requirement is 24 v (dc). 

Although the unit was developed specifically for 
aircraft use, Leach engineers believe it has many 
potential applications in static and blast testing, oil 
well logging, and the like. —ARG 


Midget tape recorder, designed to stand 15-g vibration 
and 2000-g impact, is expected to find industrial as well 
as military use. 
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but not in large enough amounts to be of use in 
forming patterns. When, however, the film is di- 
rectly exposed to a gas flame in the presence of 
sulfur trioxide, good penetration is obtained. 

The electrolytic process is simply a matter of 
applying a direct voltage to the glass (6 volts will 
do it, but 50 to 100 v is the best range). Since, 
however, the lines may not be continuous, it is ad- 
visable first to coat the pattern and the opposite face 
of the glass with a nonactive but conductive mate- 
rial (graphite is used). Heating (to about 550 F) 
also helps here. 

The final step is reduction of the pattern within 
the glass to produce a visible image. In both 
cases, this is done by reduction of the metal ions 
with hydrogen at a temperature of about 750 F. 

The image thea obtained is as permanent as the 
glass itself; and can be produced in any one of a 
number of colors, depending on the metal selected 
and the length of the hydrogen treatment. 


steel, take the anodized coating from aluminum, 
soften fluorocarbon plastic seals, and rust unprotected 
parts right through. 

How to solve compatibility problems? Proper 
selection of materials, plating, and protective coat- 
ings, of course. But, cautions Roda, a different solu- 
tion may be required for each part. “The material 
and service requirements for a tank are considerably 
different from those of a shaft or valve,” he points 
out. One might have continuous exposure to both 
vapors and liquids; while another might be exposed 
only intermittently to one or the other, with far dif- 
ferent effects in each case. 
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THE ENGINEERING WEEK 


Test Large Operating Equipment 


During Irradiation 


ScHEeNectapy, NY—Effect of radia- 
tion on performance of large pieces 
of equipment such as motors, genera- 
tors, transformers, and hydraulic sys- 
tems will be measured under actual 
operating and environmental condi- 
tions for long periods of time at Gen- 
eral Electric Company’s new radiation 
test laboratory here. The test area 
was made from a 30-year old turbine 
test pit used for testing turbine water 
wheels. As redesigned for radiation 
purposes, the test area is about 22 ft 
long, 12 ft wide and 10 ft high. 

A 15,000-curie gamma source of 
Cobalt-60 gives dose rates up to 500, 
000 roentgens per hour. At 7 ft from 
the source the radiation drops off to 
7500 roentgens/hr, and at 19 ft to 
2500 roentgens/hr. 

Other equipment in the lab include 
a l million, 10-kw electron accelera- 


In the basket... 


tor, and a l-mev, 10-kw ion accelera- 
tor as a source of fast neutrons. 

These operating tests will determine 
the effect of radiation on such things 
as carbon brushes, lubricants and cool- 
ants, transistors and silicon rectifiers, 
metals and insulation. GE feels that 
most irradiation tests made to date 
have been short-time tests at high 
dose rates, and the general attitude 
has been that time and dose rates are 
irrelevant as long as the product of the 
two is the same. GE expects this in- 
stallation will provide data on the 
effect of moderate or low radiation 
dose rates. 

This radiation facility is one of the 
first to make radiation tests in air; 
most other tests have been made in 
water or in a water-sealed container. 

Because of the space available in 
the test chamber, the effect of differ- 


is where small test specimens will be to get full 500,000 roentgens per hour dose rate. 
The 20 irradiated Cobalt-60 bars, 14 in long, 2 in wide, and 3/16 in thick, are drawn 
up around periphery of the basket holding the test specimens. When not in use, cobalt 
source sits at the bottom of a 24 ft-deep, water-filled pit. Other test equipment in the 
room receives dose rate according to its distance from the source. Testing of large pieces 
of equipment in operation and in other environments as well, is possible in this large room. 
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ent environments can be measured. 
For example: testing plastics in a 
vacuum; testing materials during tem- 
perature cycling, tensile and flexure 
tests. GE claims there is an entire 
range of materials that must be tested 
during low-dose long-time irradiation 
conditions—to determine both bene- 
ficial and detrimental effects. 


THE ACCELERATORS 


Both the electron accelerator and 
the ion accelerator are of GE’s design. 
Both give a dc beam of 10 milamp at 
1 Mev. The high beam current will 
give a radiation dose rate of about 
10" roentgens per hour. GE expects 
to use the electron accelerator mostly 
to test the effects of irradiating plas 
tics or other organic materials either 
for improvement, or damage. 


The ion accelerator will be used 


High beam current... . 

is feature of this electron accelerator. With 
a de beam of 10 milliamp, a dose rate 
of 10" roentgens is possible. GE says open 
construction, rather than the pressurized 
construction of commercial machines helped 
cut cost. Generator at top (in enclosure 
is belt-driven by 3 hp-motor at bottom 
(near technician’s hand). Because of high 
voltage at top, wire leads to motor-gen- 
erator are impossible because of arcing. 
For the same reason, instrument readings 
at top of accelerator are made with a bi- 
nocular-periscope Earth’s 
magnetic field bent electron stream as it 
came down long tube at left. Permanent 
magnets on the tube corrected this. 


arrangement. 
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primarily as a source of high energy 
neutrons produced by bombarding a 
berylium target with 1 Mev deuterons. 
This will yield a neutron intensity of 
10” fast neutrons/cm* sec near the 
target. Neutron radiography will be 
one application. Better than the x- 
ray, it makes it easier to detect bands 
of different materials of almost identi 
cal density. The ion accelerator’s great- 
est use, of course, will be as a neutron 
source, and to make radioactive iso 
topes for tracer studies. 


Safe outside... 

the test room during a test, engineer is 
able to observe any changes in equipment 
and take instrument readings via closed 
circuit television. 





on Lunik Design 


Bonn—The vehicle that hurled Lunik 
into space (PE—Feb 2, p 15) has 
been developed to its full capability, 
the Soviets are now saying. And a 
craft to reach third escape velocity 
of 10.35 mi sec will have to be based 
on some new type of power plant. 
Third escape velocity is the speed that 
will be required to escape from the 
sun’s gravitational field. 

A dominant objective in Lunik 
design was to cut weight. (Total 
weight of the vehicle was 332,000 Ib 
instead of 352,000 Ib as reported 
earlier.) Originally, the Soviets 
planned a four-stage vehicle, but dis- 
covered the extra poundage of control 
equipment would net only slight im- 
provement in weight to power ratio. 

Alternatively, they found that light- 
weight, high-thrust booster rockets— 
the so-called golems—would provide 
greater acceleration at launching and 
better vehicle stability without addi- 
tional control or guidance equipment. 
Only two golems could be used, be- 
cause more would increase air re- 
sistance, cancelling extra thrust. 

The Soviets openly claim the golem 
fuel is exactly the same as top secret 
blend in newest US Thiokol rockets. 
And rough calculations show that spe- 
cific impulse of golems was well above 
what the Soviets ordinarily expect 
from their solid-fuel rockets. This 
fact has led to speculation that fuel 
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Soviets Reveal More Details 


data was obtained by espionage from 
US. 

Each golem weighed 4862 Ib includ- 
ing 4488 Ib fuel. They burned 10 sec, 
providing 112.2 Ib/ton/sec thrust. 

Because golems burn with intense 
heat for a relatively long period, heat 
protection for the structure was es- 
sential. Soviet engineers tried to avoid 
the weight of a cooling system by 
introducing fuel additives that would 
deposit a layer of material on the 
inner surface of engme nozzle. This 
material would assimilate heat, and 
was expected to flake off continually, 
making room for a _ new layer. 
Whether or not the scheme was 
actually applied in Lunik is not known. 

High initial thrust of the first stage 
ICBM rocket was obtained by care- 
fully balancing pressure within the 
thrust chamber against size of the 
nozzle throat to yield nozzle velocity 
of 10,000 ft sec. To take full ad- 
vantage of the fuel cracking-recom- 
bination process in the thrust chamber, 
Soviet engineers designed engines of 
first and second stages with abnormally 
long nozzles. This explains the large 
cubic capacity of stages one and two 
for the amount of fuel carried. 

In a further effort to save weight, 
the Soviets eliminated a positioning 
transmitter from the missile and sub- 
stituted 200 five-gram sodium car- 
tridges. These were fired over a 5-sec 














Instruments to map space... 

were thrust from third stage of Soviet 
rocket when it reached escape velocity of 
6.98 mi sec. During flight to space, a stain- 
less steel nose shroud protected payload. 
But when engines cut out 190 sec after 
take-off, catches released the two halves 
of the shroud protecting the globular in- 
strument chamber at the end of a 3.25-ft 
sprung stem. The instrument chamber, hav- 
ing cast off the shroud, was fully exposed 
but did not actually separate from the 
third stage rocket. The Soviets ruled against 
total severance because third stage had to 
accelerate to escape velocity in either case 
and separation risked deflecting instrument 
package from pre-ordained course. 


period to mark position of the vehicle. 

These combined weight-saving fea- 
tures gave Lunik a construction ratio 
(ratio of empty weight to total weight 
with fuel) of 0.12. The Soviets con- 
sider this very favorable. They also 
report a weight ratio (total weight to 
the empty third stage and payload) 
of 102. Soviet engineers attribute 
satisfactory weight ratio to choice of 
a three-stage vehicle. 

A post mortem conference by 
Soviet scientists now attributes failure 
of Lunik to hit the moon squarely to 
the relative crudeness of the mech- 
anism to cut third-stage burning. This 
device had tolerance of +0.1 sec. 
Earlier reports laid greater blame on 
strong magnetic fields encountered 
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just before the third-stage cutoff. 

During the conference, scientists 
expressed disappointment that they 
did not have access to a launching 
site south of Kasputin-Yar—near the 
Aral Sea on the border of European 
Russia—to take greater advantage of 
the earth’s speed of rotation at 
launching. 

Prior to launching, the Soviets fired 
several test mockups, consisting of 
operational first stage and dummy 
second and third stage. These tests 
provided data for control mechanisms 
and information on air resistance the 
vehicle would build up passing 
through the atmosphere. The mock- 
ups led to many alterations in external 
design. And in an unknown number 
of cases led to complete burnout on 
launching pad of high initial thrust 
liquid fuel engines. 


Polaris Has Heat Problem 
Wasuincton—The Navy is adding a 
special heat resistant coating to its 
Polaris missile casing. It found that 
the vacuum created along the lower 
part of the missile at high speed flight 
caused excessive heating. Navy won’t 
say how high the temperatures get, 
nor what metal it is using for the 
coating. 

Next shoot of the Polaris from 
Cape Canaveral is slated for Feb. 26, 
using the modified missile. 

Navy is also developing a new engine 
for the Polaris. Allegany Ballistics 
Laboratory is developing a new solid- 
fueled engine that reportedly has 
around 25% more thrust than the 
present Aero-Jet General engine. The 
amount of thrust of the engine is 
classified. Navy won’t say if the Alle- 
gany engine will be used in the first 
group of Polaris missiles, however. 


Two eyes, four eyes... 


switch in headlight design (left, right) is evident from pictures 
of 1959 cars rolling out of the Peking Automobile Factory in 


Drill Jewel Bearings 
Thermally 


Bonn—An electronic drill to bore 
holes automatically in bearing jewels 
has been developed by Carl Zeiss, 
Oberkochen. Until now jewels have 
been drilled mechanically with exten- 
sive manual work. 

Drilling takes place in a vacuum 
in which an intense electronic beam 
concentrates on center of the jewel. 
Impinging electrons release high 
energy as heat that smelts, then 
evaporates, the material. (Ultrasonic 
drills as developed in US drill me- 
chanically rather than thermally.) 

A second electron beam heats the 
jewel from below, raising temperature 
to 2700 F within 1 sec before drilling 
begins. Such heating is necessary to 
avoid tensions that arise during drill- 
ing if one side remains cold. The 
“tempering” beam keeps the jewel hot 
during and after drilling. 

Piercing the jewel takes 3 to 6 sec. 
A new jewel is automatically fed to 
drilling position every 6 sec for out- 
put of 600 jewels an hour. 


Poor Steel Hardening 
Control in Russia? 


Vienna—A report out of Russia says 
that the Kuitaissi Auto Works has de- 
veloped a high-productivity method 
for hardening piston pins. The tech- 
nology, not new to the US, is based 
on high-frequency induction heating 
heat with repeated quenching. Of in- 
terest are some of the details of the 
process. 

The Soviets claim that the heating 
period ranges from 5.8 to 6 seconds, 
final temperature is 1690 F. Quench- 
ing is from 1.8 to 2 seconds. The de- 


gree of hardening ranges from HRC 
30 to 40, indicating a wide hardening 
tolerance. US range would be about 
32 to 36. Soviet figures could mean a 
loose control of heat treatment (US 
control is in milliseconds), or a poor 
control of steel hardenability. 


Czech Design Gas 


Turbine Locomotive 


Vienna—A 3200 hp Czechoslovak di- 
rect-drive, gas turbine-powered loco- 
motive with six drive shafts has re- 
cently undergone a 3-month test 
period, according to reports received 
here. The gas turbine apparently is of 
conventional design and uses a spe- 
cial starting engine to bring the tur- 
bine up to speed before firing it off. 

The engine has been used for shunt- 
ing duties in the station for hauling 
freight trains at speeds up to 50 mph 
and passenger trains at speeds of over 
75 mph, 


Urges More Science 


for All US Students 


BERKELEY, Cauir.—‘“The lack of un- 
derstanding of scientific principles 
among the great bulk of our working 
population is causing us grave injury,” 
reports Glenn T. Seaborg, chancellor 
of the Univ. of Calif. Speaking be- 
fore the 11th annual Industrial Engi- 
neering Institute meeting, Seaborg 
urged more basic training in math and 
science in the pre-college curriculum 
in an effort to upgrade skilled work 
ers who will be increasingly important 
as industrial processes become more 
automatic. By the same token, he 
asked that managers and personnel 
men who hire and guide the work of 
technical people be better grounded 
in science and engineering. 


Communist China. Of the 1958 models (left), the Red Chinese 
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magazine, Renmin Huabao, claims that 200 cars of different 
models were produced in the January-September period. 


~ fe 





Monorail design for Seattle . . . 

At request of Seattle Transit System, 
Lockheed Aircraft Corp submitted this de- 
sign for an airliner-like monorail train (PE 
—April 7 ‘58 p 19) as a means of transpor- 
tation to Seattle’s Century 21 Exposition in 
1961. Four-car, 96-passenger electric trains 
would run at 60 mph max speeds, be- 
tween Seattle hotel-business district and ex- 
position grounds. Tracks would be installed 
on T-shaped support structures about 20 ft 
above street level at each end of run for 
easy loading. Plans call for canopied nose 
compartment where operator “‘pilots” train 
with aeronautical-type controls. 





Printed circuit armature of this 
de motor .. . 
is plated on both faces of an insulating 
disk. Conductor loops make contact at the 
plated-through holes at outer and inner 
diameters. Eight permanent magnet pole 
pieces make up the stator, and silver- 
graphite brushes ride directly on the arma- 
ture conductors. Low cost, low inertia (will 
reach full speed in 4 milliseconds), smooth 
speed control even at low speeds, and high 
power-weight ratios are claimed. The pic- 
tured 14 lb., 9 in. dia. unit will deliver 1/2 
hp at 3000 rpm. In different configurations 
the armature might serve as ac motor and 
ac or de generator. Armature of a 25 
hp motor, made by Printed Circuits, Inc., 
. Y., also has a disk printed circuit 15 
in. in dia. and costs about $50. 





British Predict Aircraft With Pedals 


Lonpon—An aircraft in which a pilot 
pedals his way through the atmosphere 
is technically feasible—so says a sober 
report by the Manpowered Aircraft 
Committee of the College of Aero- 
nautics at Cranfield. Such a craft 
requires only an arrangement of pedals, 
chains and sprockets linked with a 
propeller to drive a conventional wing 
fuselage configuration. 

The report asserts that a_pedal- 
driven craft would have to be operated 
by two men for optimum weight to 
thrust ratio. And the vehicle would 
have to stay within the ground cush- 
ion. 

D. H. Shenstone, member of the 
committee and Chief Engineer of 
British European Airways, rates human 
prowess at 1.5 hp for instant effort, 
0.8 hp for one minute of sustained 
effort and 0.5 hp for one hour. This 
effort he says is sufficient to drive a 
80-lb craft that develops less than 
0.5 hp drag. 

With modern fabrics, wooden ma- 
terials, and fabricating techniques, a 
light weight craft is feasible. And, 
says Shenstone, propeller transmission 
efficiency can be increased to over 
72% by making the propeller 6 ft 
dia. 

Improved performance of two post- 
war wing sections, now available, favor- 
ably combine laminar flow with wing 
incidence. Light weight flexible wing 
structures based on a load factor of 
2.5 can now be exploited without 
flutter or control reversal penalties. 

Shenstone sees surmountable prob- 
lems in designing for minimum weight 


shafting for 2 hp at speeds about 120 
rpm. 
The Committee lays past failures to 
sustain flight in pedal driven aircraft 
to lack of aerodynamin and engineer- 
ing knowledge. 


Marine Gas Turbine 
Tested for Short Stop 


SeattLe, Wasu—A 36-ft Navy 
LCVP (Landing Craft, Vehicle and 
Personnel) has been successfully 
tested from a full ahead to a crash 
stop in two boat lengths. The power- 
plant that permits this is Boeing’s 240 
hp 502-10C gas turbine engine with 
a split shaft design. The engine’s 
power output turbine changes speeds 
according to load while the gas tur- 
bine maintains a constant speed for 
rapid acceleration. 


RCA Labs Create 
Top Rank for Scientists 


New Yorx—RCA Labs, of the Radio 
Corp. of America has created the new 
title of Fellow, Technical Staff “to 
recognize continued outstanding indi- 
vidual achievement in the field of re- 
search,” according to Dr. Irving Wolff, 
vice pres., research, RCA Labs. Wolff 
compared the new designation with 
the similar use of the title by techni- 
cal societies. He said that he hoped 
and expected that the title of Fellow 
will confer the same recognition as 
that of Associate Lab. Director and 
Laboratory Director. 
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New Trailer Design Permits 


Simple Gear Relocation 
Derrorr—Fruehauf Trailer Co is ex- 
pected next month to release a new 
line of trailers that permit simple 
field relocation of running gear to 
meet widely varied state regulations 
on weight per axle. Basic design in- 
corporates a side rail strong enough to 
take the running gear at any point 
on trailer, and a fully stressed body 
skin. 

Components are interchangeable 
among models, while customer has 
free choice of the extent of aluminum 
and steel content. Aluminum com- 
ponents are interchangeable with 


steel. One-piece roof is fastened with 
aviation-type adhesive. New air sus- 
pension has reduced cost of this sys- 
tem by 50%. 


Come Again? 


Wasuincton—The Navy Department 
has just “officially” announced (it has 
been known for over a year) that the 
submarine now being built to launch 
the Polaris missile will have 16 launch- 
ing tubes equipped with launching 
mechanism. But the Navy will neither 
confirm nor deny that this same sub 
will carry 16 missiles. To be launched 
sometime this spring, the missile-carry 
ing sub will be operational by 1960. 





ed 


Thor production line .. . 


First photos of a Douglas Aircraft Thor missile production line (top) show line of the IRBMs 


Thors in foreground are undergoing final installation and 
checkout procedures prior to delivery to Air Force. 


in final assembly phase. 








Rocketdyne engines for the 


Thor in the engine section (below) are liquid propellant power plants being installed 


in the missile at Douglas plant. 


Douglas officials report that Thor was designed, 


developed and delivered to Cape Canaveral for test firing in only 92 months. 
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COMING EVENTS 


FEBRUARY 

23-26 . . . . American Society of Me- 
chanical Engineers, Symposium on Ther 
mal Properties, Purdue Univ., Lafayette, 
Ind. 


MARCH 

3-5 . . . . Institute of Radio Engineers 
American Institute of Electrical Engi- 
neers, Association for Computing Ma- 


chinery, 1959 Western Joint Computer 
Conference, Fairmont Hotel, San Fran 
cisco. 


Slt... 1 American 
chanical 
Engineering Conference 
Netherlands-Hilton, 


of Me- 
Engineers, Gas Turbine Div., 
and_ Exhibit, 
Cincinnati, Ohio 


Society 


9-12 of Me 
chanical Engineers, Aviation Conference, 
Statler-Hilton, Los Angeles 


16-18 . . . . Society of Automotive Engi 
neers, National Passenger Car, Body, and 
Materials Meeting, The Sheraton-Cadillac, 
Detroit, Mich 


16-20 . . . . American Society for Met 
als, 11th Western Metal Exposition, and 
Congress, Pan-Pacific Auditorium and Am 
bassador Hotel, Los Angeles 


16-20 . . . . National Association of Cor 
rosion Engineers, 15th Annual Conference 


and Corrosion Show, Hotel Sherman, 
Chicago 

23-26 .... Institute of Radio Engi 
neers, 1959 National Convention and 


Radio Engineering Show, Waldorf-Astoria 
and Coliseum, New York 


26-27 ... . Socicty of the Plastics In 
dustry, 16th Pacific Coast Conference, 
Hotel Del Coronado, Coronado, Calif 


31-April 3.... Society of 
Engineers, National 
Aeronautic 


Automotive 
Meeting 
and Air 

craft Engineering Display, Hotel Com 

modore, New York 


Aeronauti 


Production Forum 


APRIL 
5-10 Engineers Joint Council 
(coordinator), 1959 Nuclear Congress, 


Public Auditorium, Cleveland, Ohio 


ne a6 o * I American Society of Me 
chanical Engineers, Hydraulic Conference, 
Univ. of Mich., Ann Arbor, Mich 


MAY 
25-28 ...... American Society of Me- 
chanical Engineers, Design Engineering 


Conference and design Engineering Show, 
Convention Hall, Philadelphia. 
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Yankee Teachers, Stay Homel 
To the Editor: 

The article about US educators visiting 
Russia (Dec 29, p. 25) is to me, most dis- 
gusting. To think that this nation’s engi- 
neering educators spent three weeks on a 
junket to investigate engineering educa- 
tion in the USSR, is a distressing com- 
mentary. Instead, they should have spent 
the three weeks not just studying, but 
doing something about the USA engineer- 
ing educational system. 

I have been in mechanical engineering 
for thirty years and got my education the 
hard way, but for twenty years I have been 
arguing with educators about our educa- 
tional system from the elementary up 
through secondary schools and the only 
answer I ever got was, “well, that’s from a 
layman’s viewpoint.” But when someone 
shoots a Sputnik we panic and every in- 
dividual that has been educated in the past 
is an idiot. 

I ask, when are we going to do what 
should be done and stop investigating what 
the USSR is doing? Who cares what Rus- 
sian engineers know; it’s what American en- 

ineers know, and they all don’t come 
om the upper third of the class or the 

“gifted students” either. 
—J Rotanp Hennoerrer, Sr 
Philadelphia, Penna 


Invents His Own Lawnmower 
To the Editor: 

One of my customers gave me the Dec 
15 issue of Propuct Encrneerinc. I 
noticed on page 42 under “Why Don’t 
They Research and Develop?” a picture 
of a rotary lawnmower with a plastic grass 
and leaf catcher. The article by Mr. B. 
Bonsal asks the question, “Why doesn’t 
someone develop one?” 

The answer to that question can be seen 
at 420 West High Street, Manheim, 
Penna. We have a 20-in. grass and leaf 
sweeper. It sweeps lawns and walks and 
has in use for two seasons. We also 
have a rotary lawnmower and swee 
that mows and picks up grass and leaves 
and deposits them into a container directly 
back of the mower. The over-all width of 
this machine is 21 in. This machine has 
been in use one season. These machines 
are motorized and have been operated 
with ease by women. Both machines have 
been invented and developed by the writer 
of this letter. 

—D S Wirman 
Manheim, Penna 


Three Ways to Stop Pirating 
To the Editor: 

I would like to add the following sug- 
gestion to your growing list of solutions 


to the problem of pirating in- 
ventor’s ideas by unscrupulous i 
panies. In the first place I don’t think 
that the situation is as bad as the corre- 
spondence would have us believe; it’s prob- 
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ably just the few who get hurt that do the 
hollering. My suggestions are: 

1. Keep a good complete notebook or 
other witnessed record of the actual con- 
ception of your invention. Have a com- 
plete description of your invention wit- 
nessed and dated by two people who un- 
derstand it. 

2. Reveal your idea to a reputable con- 
cern. 

3. If your idea is pirated in any way, 
call on the first concern’s chief competitor 
with your invention records, notebook, etc., 
and offer your services (for a fee) to fight 
his competitor’s patent application, or to 
obtain a patent in your name which you 
will license to him, preventing the first 
company from using your invention. 

After all, if the invention was useful 
enough for a firm to steal, it must be use- 
ful enough to his competitor as well. 

—Harrison McDonatp 
De Kalb, III 


Opposed to Specialists 
To the Editor: 
After reading your editorial, “99.44% 
pure isn’t enough” (Jan 5, p 41) a few 
uick reactions occurred to me: In the 
ture (and to some degree right now) 
parts will not be machined to perfect tol- 
erances and limits but grown to the speci- 
fied forms. There are no limits to the 
natural crystalline structures—all that is 
needed is a better understanding of the 
controlled growth mechanism and we can 
grow our parts to limits defined by the 
basic laws which hold matter together. 

As a crude, but interesting example, 
consider the manufacture of a rotogravure 
printing plate (cylinder). The plate is 
etched to variation in depth and area 
which are functions of the original light 
images. The control of minute variations 
of depth and area (say of the Hard Dot 
system) with high fidelity suggests the 
achievement of extremely close tolerances 
by a crude manufacturing process which 
has been left almost unexploited. 

This, and many similar cases, indicate 
the need for well-rounded technical train- 
ing as opposed to the detail specialist we 
so often meet in our profession. 

—W F Davis 
Hightstown, N] 


Wants Gears Cut Nominal 
To the Editor: 

The article “New Standard for Gears” 
(Dec 22 "58) is an interesting extension 
of the AGMA Standards. However, it still 
does not clear up the problem of specify- 
ing center distances. 

As users of gears—rather than manufac- 
turer—we would like a standard that ties 
down the center-distance allowances and 
tolerances for each quality-class of gears. 
This would do away with need for back- 
lash classes A to D which ify the de- 
liberate thinning of gear below nomi- 
nal thickness. rs would then be cut to 


nominal dimensions, with the permissible 
runout and tooth-thickness errors specified 
by TCE and TTCE. And suitable tables 
would translate the TCE into a center- 
distance variation. The user could then take 
this variation into consideration when de- 
signing the gear support structure. 

At present we are specifying gears cut 
to nominal dimensions (in cooperation 
with manufacturers of stock precision 
gears) and have experienced definite ad- 
vantages. —Frep GUTMANN 

ITT Laboratories 
Nutley, NJ 


Tesla vs Westinghouse 


To the Editor: 

When you wrote the article on West- 
inghouse in the Jan 19 issue (p 5) you 
were completely off the target. Nikola 
Tesla was the man who invented ac. 
Tesla worked for Edison prior to his work- 
ing for Westinghouse. Some of the inven- 
tions patented and claimed by Edison 
were actually the thinking and the inven- 
tions of Tesla. 

Mr. Westinghouse had nothing to do 
with the invention of ac. He was wealthy 
from the proceeds of his invention of the 
air brake, and he met Tesla through Edi- 
son. However, Westinghouse put up the 
money to promote Tesla’s thinking and 
inventions and to make ac practical. 

If you were to ask any Westinghouse 
engineer who was the father of ac, I am 
sure he would answer—wNikola Tesla. He 
was one of the greats; yet he is never given 
a fraction of the credit he deserves. We 
owe a very large debt to him. 

—Maxwe.i A GraHAM 
Continental Vending Machine Co 
Westbury, NY 


e Westinghouse began his ac studies in 
1883 while Tesla was still in Europe; Tesla 
came to America to join the Edison group 
the following year. While Tesla did not 
“invent” alternating current he did de- 
velop the induction motor which greatly 
aided Westinghouse in putting over his 
system.—Ed. 


Small Steam Generator 
To the Editor: 

In your Nov 17 58 issue (p 50) the 
section “Why Don’t They?” carried a 
reader’s request asking why someone 
doesn’t develop a small steam generator. 
A new, small-size steam generator made 
by the Pantex Mfg Corp would appear 
to be an answer to the question raised by 
the reader —A G WEHMANN 

New York, NY 


Three-in-one Mower 
To the Editor: 

Reader Bonsal, in a recent issue, (Dec 
15, p 42) suggested a “powermower type” 
collector for leaves. For his information, 
Toro Mfg Corp, Minneapolis, already has 
introduced to the eae and will cuaiet 
this spring its Whirlwind Rotary with 
Wind-tunnel mowing that offers three-sea- 
son service: pick-up of debris, sticks, stones 
and dormant leaves in the spring; basic 
grass cutting in the summer; and the 
mulching of leaves in the fall—all bagged, 
if desired. —Sipney Gross 

New York, NY 
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CELORON-TO-CELORON GEARS in drawing rolls made by 
Ideal Industries, Inc., Bessemer City, N.C. These are heli- 
cal-cut gears—the toughest to machine, requiring the tough- 
est material. Celoron is it. Other Celoron parts for this ap- 
plication are shown below, top right. 





transmits power smoothly, silently 
machine .. . needs no lubrication 
horizontally. 


. insulates motor from 
works vertically or 





Put strength, long life, silence 
into gears and couplings with 
CDF Celoron’ molded plastics 


WORK MIRACLES IN MACHINERY with this amazing 
golden phenolic material! Celoron gears help eliminate 
noise and reduce wear on mating metal gears. Even the 
roughest-used helicals last. . . and last and last. 


HIGH MECHANICAL STRENGTH. rypical Celoron strengths 
tensile, 6,500 psi; flexural, 10,000 psi; compressive, 25,000 
psi; shear, 8,500 psi. Dimensionally stable and readily ma 
chined, Celoron fills the bill where costly metal parts fail. 


ELECTRICAL INSULATION VALUE. Celoron is a non-con- 
ductor with high electrical insulation value. It makes ideal 
mechanical-electrical parts. Celoron couplings effectively 
insulate motors from driven machinery. 


CDF FABRICATION SERVICE. Let the plastics-fabrication 
and molding experience of CDF save you time and money, 
and assure you delivery of production quantities of CDI 
plastics and molded parts—on time and as specified. The 
CDF man can help you from the very beginning. See his 
phone number in the Product Design File (Sweet's). O1 
send us your print or your problem, and we'll return 


samples and technical literature for your evaluation. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF He Marehf COMPANY «+ NEWARK 40, DEL. 





PRECISELY MACHINED KEYWAYS help keep these Celoron parts 
silent and strong in the Ideal drawing rolls illustrated in top 
photograph. Note wide range of sizes and shapes. 





CELORON-TO-STEEL combination makes this long-wearing timing 
mechanism for gasoline engines. Celoron gear absorbs shock, 
cuts sound to a minimum, holds timing longer. 


‘ 
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STRONG, SILENT CELORON makes both drive and driven gears. In 
fact, many machine applications are 100% Celoron geared for 
light weight, elimination of excess play, long life 
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What the designer conceives... aluminum achieves ! 











ACCENTS 





Aluminum screw machine knobs 
economical and versatile for your high 
quality products — offer designers in 
finite possibilities for styling beauty 
accents both with shape and with color 

In finished shapes such as the ex 
amples shown, aluminum gives sharp, 
clean lines unusually fine “as ma 
chined” finish plus the quality feel 
of solid metal. Low tooling cost, par 
ticularly as compared to die casting or 
stamping dies, adds not only initial econ 
omy but model-change versatility as well 

And for the brilliant beauty of any 
color, these knobs take permanent finish 
by one-step anodizing — usually at far 
less cost than chrome plating or similar 
plated surfaces. Aluminum offers still 
more useful properties, such as light 
weight with high strength, corrosion 
resistance, non-sparking and non 
magnetic qualities 

If you would like design details for 
the parts shown here, complete with 
cost and production data, please send 
in the coupon below 

(Kaiser Aluminum does not manufac 
ture screw machine parts, but does offer 
technical assistance to parts suppliers 
throughout the country. Contact your 
local screw machine products manufac 
turer for further information and quota 


tions on specific parts in aluminum 


KAISER 
ALUMINUM 





Show us how we may best serve you 
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At sub-zero DEWWline outposts or in the blazing tropics, you 
can now protect critical equipment against damage from 
rough handling. 

Shipping container mountings made with Lorp’s remark- 
able new BTR (Broad Temperature Range) elastomer meet 
military packaging specifications from —65° to +165° F. In 
addition to positive protection, you will benefit from all the 
advantages of elastomeric systems—compactness, light 
weight, ease of installation and excellent shock absorption 
characteristics. 

BTR Mountings are now furnishing dependable all-climate 
protection for high-reliability missiles, missile components 
and other equipment. 

In these and other applications their simplicity makes them 
less costly, less complex than other suspensions. Inherent 
damping eliminates need for auxiliary dampers. Despite severe 
environmental conditions they resist deterioration and 
provide excellent performance over a long service life. 

BTR Mountings are the only elastomeric mountings which 
meet the rigid requirements of military packaging specifications 
over the entire operational temperature range. For more 
information on the advantages of these new mountings, contact 
your nearest Lorp Field Engineer or the Home Office, Erie, Pa. 
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BTR Elastomeric 
Shipping Container 
Mounting 





Consistent per- 
formance over 
broad temperature 
range is demon- 

strated by results 
of 18” drop tests. 










TEMPERATURE IN ‘F 
' 





4 a 


ACCELERATION IN G's 


2 6 








LORD 


Son, e® 
DED RUBE 

FIELD ENGINEERING OFFICES 
ATLANTA, GEORGIA Edar 9247 DAYTON, OHIO - BAidwin 4 l 
BOSTON, MA HA k 6-9135 DETROIT, MICH. - Diamond 1.4340 
CHICAGO, ILL Michigan 601 KANSAS CITY, MO. - WEstport 1 138 
CLEVELAND, OH Hadyside 9.3175 LOS ANGELES, CAL HOllywood 4-759 
DALLAS, TEXAS - Riverside 3392 NEW YORK, N. Y. - Circle 7-3326 


PHILADELPHIA, PA PEnnypacker 5 - 3559 


In Canada Railway & Power Engineering Corporation Limited 


LORD MANUFACTURING COMPANY - ERIE, PA. 
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Here Is Your Finished Drawing 


Quickly rendered to scale with 
accurate blue grid lines to guide you 


Notice how the optional pre-print 


areas have been used a 





Write, Wire or Phone Today 
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Experience—the added alloy in A-L Stainless, Electrical and Tool Steels 








. 
present size range: 
maximum—5%% in. diam. 
circumscribing circle; 
minimum—O.4 sq. in. area 
¢ 321 Stainless * 405 Stainless * 304 Stainless 
¢ 410 Stainless * SAE 1020 ¢ SAE 4340 
5 . - = 7 
Here’s how highly intricate steel extrusions from 
Allegheny Ludium help you cut costs 
Allegheny Ludlum Extrusions can help you cut costs, save — saves time from the order to availability of finished parts. 
money. If you are now rolling, casting or machining steel There 1s no limit to what steels can e extruded. Allegheny 
parts like these, consider the cost-cutting features inherent 7 


Ludlum works everything from all stainless grades to carbon 


in extruding metal, already proved by non-ferrous extrusions and electrical steels, high temperature alloys, nickel alloys 


during the last 10 years. 

A-L high-quality Steel Extrusions can save you money on 
four very important counts. (1) Orders are taken in quant- 
ties as small as 40 pounds. No large tonnage rolling require 
ments. (2) Charge for die design is low—under $200. No 
expensive rolls to cut. (3) Machining costs are slashed 


to a minimum; there’s no waste of material. (4) Extruding 


and even metals such as zirconium. 

Prove to yourself that extruding steel can save you money. 
Write for Allegheny Ludlum's 12-page technical bulletin, full 
ot process explanations, material properties, design ups, etc. 
Or contact your nearest A-L office for technical assistance. 

Allegheny Ludlum Steel Corporation, Oliver Blidg., 
Pittsburgh 22, Pennsylvania. Address Dept. PE-14 


ALLEGHENY LUDLUM net 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS 
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EVERY HELP IN USING IT 
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WICHITA GIVES US — 


WICHITA 


ai cwten ae ie “LOWER MAINTENANCE COST 
A -_" and INCREASED DEPENDABILITY,’ 


say Dahlstrom customers 


7-D flying die type cut-off press, 80 ton 
capacity, equipped with Wichita Air Clutch 
and Air Brake. This unit part of Dahistrom 
line at a Pennsylvania steel products 
company 


PERFORMANCE 







The demand is for high-speed 
efficiency in flying die type cut-off presses 
and top performing clutches and _ brakes. 
That’s why Dahlstrom Sales Engineers are 
highly pleased with the performance story provided 
by the Wichita Air Clutch. 


To quote...“Our customers have reported 
lower maintenance cost and increased dependability 
" of the equipment. We have also noted, better performance 


since using Wichita Air Clutches and Brakes on 3-D flying die type cut-off presses, to be 
used as cut-off or pre-notched machines 
12-ton capacity, equipped with Wichita 
Air Clutches and Air Brakes. These 8 units 
y . . ® ° ti lor »n Oh 
Whether on new equipment or conversion of existing ae eS ee eae 


our presses, shears and recoiling reels.” 


equipment insist on top performance. 
Specify Wichita Clutches and Brakes 





Contact your nearest Wichita Engineer! 











Brehm-Lahner, Inc., Detroit, Michigan Allied Ti issi E t Co., 

L. H. Fremont, Cincinnati, Ohio Kansas City 8, Missouri 

W. G. Kerr Company, Pittsburgh, Pa. Donald £. Harman, Dallas, Texas 

Smith-Keser & Co., Avon, Conn., C. Arthur Weaver, Richmond, Virginia 
Philadelphia 44, Pa., and New York, N.Y. Malcolm S, Cone, Memp T 

Frank W. Yarline Co., Chicago, lilinois Dominion Power Press Equipment, lid., 

Larry W. McDowell, Long Beach, California Surlington, Ontario, Canada 

Andrew T. Lobel, Denver, Colorado R. E. Kunz, Seattle 4, Wash. 

Robert P. King Co., Cleveland, Ohio W. G. Ballantyne Co., Portland 4, Ore. 


Norman Williams, Houston, Texas Bates Sales Co., St. Louis 1, Mo. CIRCLE 117 READER SERVICE CARD 
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WITH AMCHEM GRANODINE! 


One of the most widely used metal finishing chemicals, finishing operations . . . to 
Amchem Granodine is the most effective pre-paint 
treatment yet developed for the protection of fabricated 


steel products. It may be well worth your while to investigate cost 


assure your products of 
greater usability through lasting protection 


The non-metallic phosphate coating produced by saving, efficient _Amehem Granodine today’s most 
Amehem Granodine provides an effective base for dur- modern metal finishing chemical for steel. Check 
able paint finishing and greatly improves the corrosion Amchem where service goes beyond the product 
resistance of the finished product. A variety of Grano- with a complete program of technical and engineer- 
dizing processes are available for a wide range of ing assistance! 


(rranodizing process may be applied by power spray (shown 
on left), dip system or by hand application. 


W rite for Bulletin 1380 with Selection Chart to help you 
choose the Granodine type for jour specifi needs —and 
bulletins featuring other Amchem chemicals of vital interest 
to the fabricator of steel products. 


<> AMCHEM 
GRANODINE 


Amchem Granodine is another chemical development of Amchem Products, Inc., Ambler, Pa. Formerly American Chemical Paint Company, 
Detroit, Mich. ¢ St. Joseph, Mo. © Niles, Calif. ¢ Windsor, Ont./Amchem and Granodine are registered trademarks of Amchem Products. Inc. 
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Bates Sales Co., St. Lovis 1, Mo, 


Beer. HIP ee EEE eee 


Norman Williams, Houston, Texas CIRCLE 117 READER SERVICE CARD ~ 





Metal Melting Guide 





How to select cast-in immersion 
Heaters for Metal Melting Applications 





Here is condensed information to help 
you get the most economical electric 
heater for any design problem where 
melting soft metals is a factor. 


TABLE 1! METAL MELTING DATA 





Wott 
hours 
Required 
to Heat Required 
General Electric cast-in immersion . |} bb to Bring 


1F 1 Lb te 
heaters can be applied to virtually any item 
. . e ting 
process machine which uses soft metals 
in a molten state. 


Heat Required 
to Melt 1 lb 


Wott 
hours 


W orking 
Temp. 
Temp. 





0.0098 


Two factors generally determine which 0187 


‘ re ‘ Sold (1 t tin, 

General Electric cast-in immersion heat- ero ey 

Solder (2 parts tin, 
1 port lead) 


0152 


0171 











kilowatts of heat 


are required for your installation. 


ers (b) are designed for relatively per now know how many 
manent mounting on the side of the 
crucible or pot by means of a gasketed 
flange header. This type of heater is 


best suited to smaller pots because of 


For complete information on sizes and 
ratings of General Electric heaters, call 
your General Electric Apparatus Sales 
Office or send coupon below 


DELIVERY TODAY: 
General Electric available 
today from General Electric stocks near 
your plant 


its relatively small radiating surface. 


ers should be used. They are: the physi- To figure the amount of heat required sizes of 


Popular 


cal characteristics of the machine or for your application: heaters are 


pot, and the temperature required. 

“‘Over-the-side”’ 
(a), as their name implies, are merely 
suspended in the pot or crucible with 
their 


1. Determine weight in pounds of the 
metal to be heated. (Volume of the pot 
in cubic feet x weight of metal in 
pounds per cubic foot from Table II.) 


immersion heaters 


SPECIAL SAMPLES: Your General Elec 


tric sales engineer can advise you on 


effective heating portions im- 


special 
mersed directly in the metal. Installed 


heating problems. If 


will 


2. Determine operating temperature of special 


he: ‘ re "1 > he 1 
metal bath from Table II. heaters are required, he provide 


these heaters can be 
easily shifted to vary the heat distribu- 


in this manner, - 
, ; = samples. 
3. Using the data obtained in Steps 1 


tion as required. Furthermore, these 
heaters can be added or replaced with- 
out shutting down the bath. 


“*Through-the-side’’ immersion heat- 


and 2 above, read kilowatt hours from 


Table I. 


4. Divide the answer obtained in Step 3 
by the hours allowed for heat-up. You 





TABLE |! 


TO DETERMINE KW HOURS 





Solder — 

2 Parts Tin, 

1} Port Lead 
470°F 520°F 570°F 


__ Solder 
1 Part Tin, 
1 Part Lead 


KW Hours KW Hours 


600°F 650°F 700°F| SSO°F 600°F 650°F 


Tin 


| 
| 


700°F 725°F 
| KW Hours 


750°F 





2.4 
10.0 
19.3 
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GENERAL @@ ELECTRIC 
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PROMPT SHIPMENT: General Electric’: 
new Industrial Heating plant at Shelby 
ville, Indiana, is now geared to give 
excellent shipping dates on heaters for 
your production needs. Just call your 
nearest General Electric 
Sales Office and tell us your require 
General Electric 
Schenectady 5, New York. 


Apparatu: 


ments. Company, 


Section D723-27, General Electric Co. 
Schenectady 5, New York 


Please send GEA-5098, melting metals, 
and GEA-6113, Selector Guide for Metal 
Melting, and GEC-1005, catalog of G-E 
Heaters ond Devices. 


NAME 
COMPANY 
ADDRESS 
CITY.... 
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Photo-elastic stress patterns produced by models photographed with polarized light are one 
of the modern analytic tools available for ever-increasing perfection of Malleabie iron castings 


Strength is ( Malleable ) 


The strength crucial in spiraling the heave of diesels’ pistons into unresistible power, in pro- 
tecting lives as automobiles hurtle down endless highways, and in every link of chain that 
swings massive loads overhead, is yours to mold into tomorrow's dynamic engineering achieve- 
ments with Malleable iron castings. Yet Malleable provides this strength in combination with 
toughness, producibility and economy that makes Malleable castings the finest, most versatile 
metal available. 

For information or service, call on one of the progressive firms that identify themselves 


with this symbol— MEMBER 





MALLEABLE 


\ 
>ouN” 


If you wish, you may inquire direct to the Malleable Castings Council, 
1800 Union Commerce Building, Cleveland 14, Ohio, for information. 








These companies are members of the 


e \¥ 
“Stines coun”? 


CONNECTICUT 

Connecticut Mall. Castings Co., New Haven 6 
Eastern Malleable Iron Co., Naugatuck 

New Haven Malleable Iron Co., New Haven 4 


DELAWARE 
Eastern Malleable Iron Co., Wilmington 99 


ILLINOIS 
Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline Malleable Iron Co., St. Charles 
National Mall. and Steel Castings Co., 

Cicero 50 
Peoria Malleable Castings Co., Peoria 1 
Wagner Castings Company, Decatur 


INDIANA 

Link-Belt Company, Indianapolis 6 

Muncie Malleable Foundry Co., Muncie 
Terre Haute Mall. & Mfg. Corp., Terre Haute 


MASSACHUSETTS 
Belcher Malleable Iron Co., Easton 


MICHIGAN 

Albion Malleable Iron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable iron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 


MINNESOTA 
Northern Malleable Iron Co., St. Paul 6 


NEW HAMPSHIRE 
Laconia Malleable Iron Co., Laconia 


NEW JERSEY 
Meeker Foundry Company, Newark 4 


NEW YORK 
Acme Steel & Mall. Iron Works, Buffalo 7 
Frazer & Jones Company Division 

Eastern Malleable Iron Co., Solvay 
Oriskany Malleable Iron Co., Inc., Oriskany 
Westmoreland Mall. Iron Co., Westmoreland 


OHIO 


American Malleable Castings Co., Marion 
Canton Malleable Iron Co., Canton 5 
Central Fdry. Div., Gen. Motors, Defiance 
Dayton Mall. |ron Co., Ironton Div., Ironton 
Dayton Mall. Iron Co., Ohio Mall. Div., 
Columbus 16 
Maumee Malleable Castings Co., Toledo 5 
National Mall. and Steel Castings Co., 
Cleveland 6 


PENNSYLVANIA 

Buck Iron Company, Inc., Philadelphia 22 
Erie Malleable Iron Co., Erie 

Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Malleable lron Co., Meadville 
Pennsylvania Malleable tron Corp., Lancaster 


TEXAS 
Texas Foundries, Inc., Lufkin 


WEST VIRGINIA 
West Virginia Mall. lron Co., Point Pleasant 


WISCONSIN 

Badger Malleable & Mfg. Co., S. Milwaukee 

Belle City Malleable Iron Co., Racine 

Chain Belt Company, Milwaukee 1 

Federal Malleable Company, West Allis 14 

Kirsh Foundry Inc., Beaver Dam 

Lakeside Malleable Castings Co., Racine 

Milwaukee Malleable & Grey Iron Works, 
Milwaukee 46 


How to Get More Strength Per Dollar 
with Malleable Castings 


With few exceptions, strength is the 
most important single design require- 
ment for a metal part. But in the com- 
mercial production of that part, the 
ultimate objective is to manufacture it 


at the lowest possible cost. Malleable 
iron castings take advantage of many 
factors to provide the greatest strength 
per dollar of any ferrous or non-ferrous 
metal. 


Great Strength Range Available 


From the wide range of standard (fer- 
ritic) and pearlitic Malleable irons avail- 
able, a type may be selected that meets 
strength requirements ranging from 
50,000 p. s. i. to 120,000 p. s. i. tensile. 


Table No. | shows these strength values 
and other physical measures for 9 
grades of Malleable. Note particularly 
how high yield strengths are in com- 
parison to tensile strengths. Because 
yield strength is generally the measure 
of usable strength, this is especially 
important. 


Also important is the uniformity of 
Malleable’s strength. The heat treatment 
given all Malleable castings produces a 
unique metallurgical combination of 
strength, ductility, machinability and 
impact resistance. At the same time, it 
relieves internal stresses so that Malle- 


Economy Due to 


Malleable’s superior strength-cost ratio 
is due to a combination of the casting 
process, which puts the metal where you 
want it, and the inherent economy of 
Malleable iron. Also, whenever machin- 
ing Operations are involved, Malleable 


able’s strength cannot be machined 
away, nor will it be present in some 
parts but missing in others. 
TABLE No. 1 
TENSILE PROPERTIES— 
A.S.T.M. MINIMUM SPECIFICATIONS 
Standard and Pearlitic Malieable trons 


Ratio of 
Tensile 
to Yield 
.S.t. Pp. s.i % 





Tensile Yield 
Designation Strength Strength 
p 


~~ Standard 
35018 _§3,000 


~ 32510 50,000 
Pearlitic 
45010 


35,000 66 
32,500 65 


_ 4501) 65,000 45,000 69 
45007 68,000 45,000 66 
48004 70,000 48,000 69 
50007 75,000 50,000 67 
53004 80,000 53,000 66 
60003 80,000 60,000 75 

~~ 80002 ~~ -'100,000 80,600 80 

Strengths up to 135,000 p.s.i. tensile 
and 110,000 p.s.i. yield are produced 
commercially under individual pro 
ducers’ specifications. 














Multiple Factors 


castings cut finished costs significantly. 
Being the most easily machined of all 
ferrous metals of similar hardness, the 
cost of the finished part can often be 
reduced to less than that of metals which 
cost less in the semi-finished stage. 


Malleable Provides Strength Plus Other Advantages 


The T-bolt shown in Fig. 1 is used to 
assemble steel channel frames. Small but 
mighty, these 7/16’’ bolts hold 4 ton 
loads. The tensile strength requirements 
are 90,000 to 100,000 p. s. i., yet ductility 
must be good and tolerances must be 
held to + .005” on the head width, and 
+.020’", —.000” on the inside of the 
head. 


In this application, pearlitic Malleable 
castings proved the only material con- 
sistently capable of sustaining loads over 
8,000 pounds and meeting close toler- 
ances in critical areas. At the same time, 
sufficient ductility was maintained to 
allow upsetting the spring retainer pro- 
trusion on the head. 


The finished Malleable castings cost one 
third less than the next most satisfactory 
material. For both dynamic and static 
applications, today’s Malleable castings 
are truly one of industry's finest engi- 
neering materials. 


Fig. No. | 


MUST SUSTAIN 
4 TON LOAD 
MINIMUM 


Write for Free Data Unit 


Data Unit 102-Strength, more fully describing Malleable’s strength characteristics, 
is available for use by materials specifiers and users. For your copy, contact any 
member of the Malleable Castings Council or write to Malleable Castings Council, 
Union Commerce Building, Cleveland 14, Ohio. 
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NEW...from Philadelphia Gear 


HIGH EFFICIENCY 
WORM GEAR REDUCERS 


Now you can get increased efficiency in worm gear drives 

see curve. Helical attachments for double and triple reduc- 
tion units combine the efhiciency advantage of helical gearing 
with the high ratio advantage of worm gearing. You save on 
power consumption . . . high operating temperatures will 
never be a problem. 


Shaded area shows gain in power consumption 























NEW PHILADELPHIA DRiveE 
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REDUCTION RATIO 
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New flexibility. One basic housing design plus standard- New high capacity. 
ized mounting bases, gearing, helical attachments and 
torque control attachments permit fast assembly from 


This is not just a re-rated line. 
Improved tooth forms, precision ground alloy steel worms, 


special high strength bronze gears, sturdy housings, helical 
stock. You can get any drive arrangement, any mounting attachments 


with ground gearing all mean higher 
arrangement, in the exact size and ratio to meet your 


Capacity in less space In 
specific requirements Torque control attachments for all 50°; 
} 


sizes are available from stock for applications demanding 1212: 1. Center distances from 3” to 21”. Write for catalog 
overload protection data today 


philadelphia gear drives 


PHILADELPHIA GEAR CORPORATION 


Erie Avenue and G Street « Philadelphia 34, Pennsylvania 


fact, you get space Savings to 
weight savings to 60°). Ratios from 514%: 1 to 


Offices in all Principal Cities ¢ Virginia Gear & Machine Corp., Lynchburg, Va. 
INDUSTRIAL GEARS & SPEED REDUCERS + LIMITORQUE VALVE CONTROLS «+ FLUID MIXERS «© FLEXIBLE COUPLINGS 
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IN PRODUCT AFTER PRODUCT AFTER PRODUCT 
-»» WEIRTON HOT- AND COLD-ROLLED SHEET 


In automobiles and portable TV cabinets, in air conditioners, —— 


stoves and laundry equipment—in almost any application you WEIRTON 
can name you'll find Weirton hot- and cold-rolled sheets at work. Gos 


Their roles: helping one manufacturer after another to produce | comrant J 


standout products at low cost with no hitches in fabrication. 


You can put to good use the uniform gauge, strength and ductility WEIRTON STEEL COMPANY 
of Weirton hot- or cold-rolled sheet. WEIRTON, WEST VIRGINIA 


a division of 


Weirton is always ready to serve your needs for quality sheets. 


For prompt and complete service just phone or write Weirton TYTVR EM a) 
Steel Company, Dept. D-3, Weirton, West Virginia. WAT Ness) 





SPLIT PHASE 


PERMANENT SPLIT 
CAPACITOR 

CAPACITOR START 
INDUCTION RUN 

POLYPHASE 


, ean, MODERN DESIGN—tightweight, die-cast aluminum head ené 
<ition ‘machined steel body, assuring rigidity and good alignment. Externo 
SMow-free . . . blends well with any color. tae 
“IMPROVED, DOUBLE-END VENTILATION—Ventilating fans ore integral wit, detest 
2 oluminum squirrel cage rotor, providing effective cooling of the windings from both ‘ands Fo, 
* long life. Properly located openings give maximum cooling with minimum internal parts expoerey, 
MYLAR* POSITIVE INSULATION—Mylar* polyester film laminated to rag paper insulatelg 
slot cells and other strategic areas, Excellent dielectric qualities and resistance to tearing and 
‘Aging, affording virtually permanent protection against dust, moisture and heat damage. 
CHOICE OF MOUNTINGS, BEARINGS—Rigid, welded base or vibrationless, ultra-quiet 
resilient mounting with motor hubs floating on rubber cushioning rings permanently bonded to 
inner and ovter metal bands. Either sleeve type or fully sealed ball bearings available. If desired, 
special construction permits re-lubrication of ball bearings. Bearings seat in precision bored 
steel rings cast into the aluminum heads. 


*DuPont registered trademark 


Robbins a Myers build motors 
from 1/200 to 200 horsepower 
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R & M’s BROAD LINE 
OF SMALLER, LIGHTER, 
FRACTIONAL HP MOTORS 


$2. sn 
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Robbins & Myers Re-Rated Frames 56 and 48 


Here’s a dynamic new motor—smaller, lighter, more versatile than older frame 
motors—yet with undiminished performance and reserve power. Completely 

new R&M “Model R” fractional horsepower motors will perform dependably 

and enhance the appearance and acceptability of your products. They range 

from 1 to 4% HP in types for all your applications: polyphase, permanent split 
capacitor, capacitor start single phase and (in the smaller ranges) split phase 
types. Designed in new NEMA frames 56 and 48, they are lighter due to new 
applications of aluminum, steel and copper . . . smaller thanks largély to a Bit) 
unique new ventilating system . . . more versatile because of weight, size andj 
many other design features involving frames, mountings, insulation etc. Lo 3 
over the big advantages these motors offer you! Then write today for R&My 
Bulletin No. 450-PRE. P 


MYLAR SLOT CELL INSULATION BEARINGS TOTALLY ENCLOSED-——-FAN COOLED 


ROBBING & MYERS. Wc 


SPRINGFIELD, OHIO “BRANTFORD, ONTARIO 
MOTORS FANS nornTs moync pumps Premed Move 
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LINDE’s NEW PLASMARC TORCH SERVICE. 
Brings Industry Production Parts From Refractory Metals 





» 


N. other method of fabricating refractory metals can 
match this The high melting points of tungsten 
tantalum, and molybdenum are no longer a problem. 
For LINDE’s new PLASMARC Torch, working in the tem 
perature range between 15,000 and 30,000 degrees K. 
can coat parts or “form, shapes of virtually any size or 
complexity. It's an entirely new way to make such articles 
as rocket nozzles, crucibles, components for electronic 
aiid X-ray use, and parts for atomic energy equipment! 

The quality of thest pieces is uniformly high. Toler- 
002 in. or better 


Welila:t ee]; Mm sl-Mmalci le Mis) The metal 





CRUCIBLE 





The PLAsMarc Torch employs a nan-transferred electric arc 
to generate such:high temperatures that powder or wire 
fed into the chamber is literally melted. Inert gases flow 
ing continuously carry the metal particles in a plastic state 
and deposit them on the workpiece at near-sonic speeds 
Jets of CO, coolsihe pertic 
erosion-resistant material Coatings--even on graphite 
have an excelleft bon’ Shupes 
mandrels, which ave then etched away to leave parts such 


instantly to ford heot- and 


are built up on machined 


as those shown cbove 










loses none of its purity and superior density is achieved. 
With the PLASMARC Torch, LINDE is equipped to supply 
you with parts made of, or coated with, refractory metals; 
or made of a variety of metals combined with non-metals 
or reinforced plastics. LINDE will also provide a wind- 
tunnel materials testing service based on this device. For 
information on this extension of ‘LINDE’s well-known 
Flame-Plating service, write Dept. AW-13, LINDE COm- 
PANY, Division of Union Carbide Corporation, 30 East 
42nd Street, New York 17, N.Y. In Canada: Linde Com- 
pany, Division of Union Carbide Canada Limited. 







j ROCKET NOZZLE 


ELECTRONIC 
rel} er el 


TUNGSTEN-COATED 
GRAPHITE NOZZLE 





UNION © 


CARBIDE 


“Linde”, “Union Carbide” and ‘Plasma: _are trade marks 


of Union Carbide Corporation 








(5 STR F S J E S that formerly 


required premium-priced materials can now be handled 


by Duraflex,® which costs no more than regular phosphor 


bronze. Write for literature and samples, today. 





Licanseo Gime ER 
PROFESSIONAL ENGINEERS MemBens 3457 WEIDNER AVE 
AMERICAN GOCIETY FOR TESTING MATERIALS 
AMERICAN GOCIETY OF MECHANICAL ENGINEERS OCEANSIDE. L. |... N.Y 
NATIONAL SOCIETY OF PROFESSIONAL ENGINEERS TELEPHONE. RO 4-818! 


August 1, 1958 


The American Brass Company 
414 Meadow Street 
Waterbury, Connecticut 


Gentlemen, 
SUMMARY OF ENG INBBRING LABORATORY REPORT Wo. 8158 





SUB JECT: Fatigue Life and Endurance Limit testing of; 
"DURAPLEK" Superfine-Grain Phosphor Bronze and Commercial Quality 
Phosphor Bronze, 5% (A) spring quality strip material. 


SPRINGS: Flat spring strip was made into the usual type of contact springs 
used in switches, relays and instruments, These springs were THREE SPRINGS of regular Phosphor Bronze, 
deflected at about l cycle per second in a specially built fatigue 5% (A), actual size, took a permanent set 
testing machine and the deflections recorded. at about 200,000 deflections and fractured 


STRESSES; The springs were deflected from the initial free position of sero at an average of 453,374 deflections. 
stress to a final position having a bending stress of 77,000 p.s.i. 


This stress, far phosphor bronze strip is wusually high and is 
higher than stresses ordinarily recommended for Beryllium-Copper 
or Stainless Steel for such severe service. 


RESULTS: Commercial Quality Phosphor Braize, 6% (A) springs acquired a 
permanent set quite early and broke at an average number of 
deflections of 453,574. 


"DURAPLEX" springs were still satisfactory, showed no permnent set, 
no loss of load and no breakage at 4,000,000 deflections. 


CONCLUSION: Design stresses for "DURAFLEK" can be at least 50% higher than 
the stresses for Commercial Quality Phosphor Brmze, 5% (A) as 
shown in the TOOL ENGINEERS HANDBOOK, 


Respectfully submitted, 


THE CARLSON COMPANY 


Sedauach aeons a FOUR SPRINGS of Duraflex Superfine-Grain 


Phosphor Bronze, 5% (A) were still satis- 
factory after 4,000,000 deflections 


URAFLEX, available in Phosphor Bronzes (A), (C) and DU RAFLEX 
D (D), in strip and wire, offers a host of opportunities to 
cut costs while maintaining or improving quality and per- SUPERFINE-GRAIN PHOSPHOR BRONZE 
formance. For further information and technical help to A product of 
select the alloy to meet your needs—call in your American 
Brass Company representative, or write: The American Brass 
Company, Waterbury 20, Conn. In Canada: Anaconda Amer- 
ican Brass Ltd., New Toronto, Ont. 5938 Made by The American Brass Company 
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DODGE 


PILLOW BLOCKS 


WITH TIMKEN BEARINGS 


life — dependability. 


SPECIAL DUTY TYPE ——~» 


Designed for extreme precision 
and high load capacities. 


Fully self-aligning. 


Special Duplex Timken Roller 
Bearing with tapered bore. 


Split tapered sleeve with straight 
cylindrical bore extends through 
entire length of housing. 


Easy to mount or demount. 
Adapter nut (or collar) clamps 
adapter sleeve to shaft with ex- 
treme firmness. 


DODGE MANUFACTURING CORPORATION, 


CALL THE TRANSMISSIONEER, your local Dodge 
Distributor. Factory trained by Dodge, he can give 
you valuable help on new, cost-saving methods. 
Look in the white pages of your telephone directory 
for “Dodge Transmissioneer,”’ 


America’s super-quality line— 
with a 35 year record of keeping 
performance up and costs down! 
Five types—to fit practically 
any service condition. All as- 
sembled, adjusted, lubricated 
and sealed at the factory for 
precision performance—long 


Automotive type piston ring seals. 
Bearing is sealed both on and off 
the shaft. 


Rugged semisteel outer housing. 


Elongated bolt holes provide for 
lateral adjustment. 


Special dust cap protects lubri- 
cation fitting. 


Shaft sizes 1%" to 8”. Ask your 
local Dodge Distributor—or write 
us for Bulletin A670 giving com- 
plete technical data on America's 
most complete line of mounted 
bearings. 
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1200 Union St., 








Mishawaka, Ind. 
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GITs OILERS Largest selection available 

anywhere. You save time and 
money, because the one you . 

AND GAUGES [aes 
Specialists ¢ 
READY To 
Shaft Seals for Almost ; 

SHIP 


Half-A-Century 











Gite Roe. : MEG. Co. 


B S. Kilbourn Ave 




















HERE’S WHY.. 


— 
— 


ROYAL ELECTRIC TYPE- 
WRITERS. “Bodine Motors 
were selected because of 
their convenient, compact 
size; quietness; and effi- 
cient operation which turns 
out a true rated power. 
Reliability, of course, was 
our first consideration.’’ — 
Royal Typewriter Division, 
Royal McBee Corporation. 


JOHNSON AUTOMATIC 
COIN COUNTERS. “We re- 
quired a small, powerful 
motor for our coin coun- 
ters... and were ableto 
obtain a motor that fitted 
our needs from Bodine’s 
wide selection. We have 
used Bodine Motors for 
over 13 years, and find 
them to be extremely re- 
liable.’’ —Johnson Fare 
Box Company. 





Leading business machine manufacturers 
power their products with Bodine Motors 


REMINGTON RAND AUTO- 
MATIC CALCULATORS. ‘We 
require a motor with a high 
torque for its size. Bodine 
Motors meet these require- 
ments without excessive 
temperature rise . . and 
they're exceptional for re- 
liability and performance." 
—B. H. Tingley, develop- 
ment engineer. 


REX-O-GRAPH DUPLICA- 
TORS. “We tested all in- 
duction type motors. 
Bodine was the only one 
that met our requirements 
in starting torque, weight, 
breakdown torque, size, and 
reduction gear dimensions. 
Service on this motor has 
been almost nil.’’——General 
Binding Corp. 





New model business machine motor! 


Ask for a copy of newly published Technical 
Bulletin #1034. It tells the story of Bodine's 
newest model business machine motor. . 
the FSE-23. It’s only 2%" high . . weighs 
only 1 pound, 11 ounces . . packs plenty of 

wer. And it’s rectangular in shape . . fits 
into minimum — Send your request to 
Bodine Electric Company, 2510 W. Bradley 
Place, Chicago 18, Illinois. 
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HEDMAN CHECK WRITERS. 
“We require motors that 
are small, quiet, sturdy, 
long lasting, trouble free, 
and supply the high torque 
needed. We've used Bodine 
Motors for 36 years . . 
their engineers are always 
willing to help with our 
motor problems."" —C. W. 
Johnson, vice president. 


BRUNING COPYING MA- 
CHINES. “The only reason 
we buy Bodine Motors is 
that we could not buy a 
product of equal quality 
elsewhere."’ —John P. 
Arndt, works manager, 
Chicago factory. 


Other applications for Bodine Motors: 


2 os ro | NJ E vending machines, instruments, 


‘dgelallelitel| 


communication equipment, sound 
recorders, automatic scales, respi- 


horsepower rators, voltage regulators, X-ray 


timers, traffic signal timers, stirrers, 
M Cc? | ¢"> 7 cae sanders, letter openers, envelope 





sealers .. plus many, many other 
applications. 


.-.the power behind the leading products 
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Air Pollution: 


Some Ansners 


Easier Said 
Than Done 


in design and development... 


The focal point of nationwide efforts to reduce air pollution caused by 
automobile exhaust gases is in Los Angeles. There the citizenry has most 
fervently urged its government representatives to find a practical way to 
come up with the answer. But while technical progress is slow and sure 
(PE—Dec 9 ’57, p 106), the question of how widely exhaust-reducing 
devices can be applied to achieve the results still remains unanswered. 

New developments were outlined during the recent Detroit meeting of 
the Society of Automotive Engineers. Several catalytic systems were de- 
scribed, but the one developed by Oxy-Catalyst Inc, Wayne, Penna, and 
tested by General Motors (PE—Jan 12 ’59, p 25) received most attention. 
Successfully resisting the effects of lead, the major problem heretofore 
with such catalytic devices, Oxy-Catalyst’s device would replace the con- 
ventional muffler for about $30. Tests indicate the new type muffler will 
eliminate 85% of the troublesome gases for over 22,000 miles. 

Another catalytic muffler, developed by Ford Motor Co, uses vanadium 
pentoxide as catalyst. Operating efficiencies of 60 to 73% that lasted over 
10,000 miles were reported by Ford. Still another approach is Ramo- 
Wooldridge’s afterburner system. It adds air to the exhaust, then heats 
the mixture to a temperature where rapid combustion occurs. At least 
90% of the hydrocarbons were removed, according to test reports by 
Los Angeles Air Pollution Control District. R-W says the device would 
replace conventional car mufflers and, because of its 1500-F operating 
temperature, could also replace the conventional heater. A price of $100 
to $200 might be partially offset by the elimination of these two items. 

The Norris-Thermador Corp also has been working on a device to cut 
pollution and is reported to have switched from the afterburner design to 
the catalytic approach. 


Obviously the design of an acceptable device is not far off, but there are 
legal-political obstacles that must be surmounted before the most effective 
anti-smog muffler can be introduced. Already Los Angeles city councilmen 
have proposed ordnances that would make it mandatory for all cars sold 
in their county area to be equipped with “approved” anti-smog devices. 

But as one official warned, “The first device legally approved had better 
do the job, or else the public will clamor for repeal, and we'll be right 
back where we started.” This poses the possibility that a successful en- 
forcement of the ordnance on LA’s 3 million cars still would not solve the 
problem, because Los Angeles is a major tourist metropolis into which 
thousands of motorists, many of them non-Californians, drive their cars. 

To get further data, Los Angeles County has proposed that the State 
health officer conduct tests to establish the level at which mozor vehicle 
exhaust emissions constitute a municipal hazard. This would give anti- 
smog muffler designers the necessary information to determine the service 
life of the mufflers, and would set a standard for enforcement. 

Still, the scope of the enforcement will be subject to debate. For example: 
How deeply should the federal government get involved in a smog-control 
program; and, should there be a federal provision to permit tax writeoffs 
for industries that purchase or build nonproductive equipment to reduce 
air pollution; or, should local governments go their own way at a pace 
dependent upon the severity of their smog problem? —Paul Anderson 
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Single row, radial ball 
bearings are made with 
controlled internal clear- 
ances between balls 
and races for precise 
shaft location. Exclusive 
Sentri-Seals effectively 
seal out even micro- 
scopic foreign materials. 


Photo: Courtesy Edlund Machinery Co., Cortland, N.Y. 


"“& Boll Bearing Design Adds Liticiency... 
Cuts Aelibe Moimntenance ln Drilling Machine 


CUSTOMER PROBLEM: 


Tool manufacturer requires minimum mainte- 
nance ball bearing design for new high-speed 
multiple drilling machine. 


SOLUTION: 


N/D Sales Engineer, cooperating with com- 
pany engineers, recommended New Departure 
ball bearings with exclusive Sentri-Seals in 
place of conventional open bearings. These ball 
bearings, sealed and lubricated for life, virtu- 
ally eliminated bearing relubrication mainte- 


nance. In addition, these sealed bearings 
accounted for a savings in parts and assembly 
time by eliminating costly lubrication plumb- 
ing and fittings. What’s more, the application 
has proved so successful, the customer has had 
other types of drilling machines redesigned to 
use New Departures. 


If you’re working on new machine designs, why 
not call on New Departure? There’s probably 
an N/D production ball bearing that will help 
you, and, at a lower cost! For more informa- 
tion write Department P-2. 


Replacement ball bearings available through United Motors System and its Independent Bearing Distributors 


KN yA 
NEW EPARTURE 


DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING AOLLS LIKE A BALL 
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ADVERTISING... 


aide to engineering advancement 


Since Julius Caesar started the first newspaper, 
man has depended upon some form of the 
written word to learn and keep the news and 
facts of his day and time. This was the first 
effort to inform the mass of people quickly; 
previous methods, utilizing messengers, criers, 
scroll books, handbills and word of mouth, 
were extremely limited in scope and speed. 

Through all the centuries since, man has 
kept himself informed through newspapers and 
magazines, at first by paying the entire cost 
himself but more recently sharing the cost 
with those of his fellows who had something 
to sell. Although “advertising” originally 
meant conveying any information to others, it 
has now come to mean specifically the offering 
of goods for sale. It is the basis of our mass- 
production economy—in effect the lubricant 
which makes our way of life run smoothly. 

Advertising makes it possible for us to bring 
you ten times the value of your investment in 
this magazine—an extraordinary return. Adver- 
tising also provides you with the information 
essential to your daily work and your daily life, 
makes it possible for you to find what you need, 
gives you the comparative prices and sources 
that enables you to select to best advan- 
tage. 

Thus it is peculiarly fitting that advertising, 
without doubt the most highly developed prod- 
uct of our nation and time, should have the 
week of Feb 8 to 15 designated in its honor. 

As do most Americans, we view advertising 
with mixed emotions. We feel that, in some 


instances, it has become blatant and overdone, 
unreliable and unbelievable. Sometimes _ its 
superlatives, like Icarus’ wings, give it a false 
sense of power that carries it too near the sun; 
then the wax melts and it crashes. 

But the kind of advertising with which we 
are most familiar—industrial—seems to have sut 
vived its adolescence and is now doing a job 
that no other form of comunication can do. It 
brings to technical men, engineers and scien 
tists the latest laboratory results, the dreams of 
tomorrow, as well as the familiar realities, the 
tried and true products of today. It provides 
the data, the sources, the reasons why for 
design advances. It awakens the mind and 
stimulates the imagination. 

That these things are true is evidenced by 
your own reactions to advertising. Again and 
again, our surveys indicate that advertising that 
is designed to provide you with helpful data, 
or tells of something new and broadly applica 
ble, receives reader votes almost equal to thos¢ 
of equivalent editorial pages. And many of 
you, in expressing an opinion of the magazine, 
name the ads as specifically helpful 

Thus it is a pleasure to depart momentarily 
from our usual absorption with engineering 
problems to pay tribute to the aid being given 
to design engineering by advertising. It is the 
prerequisite to successful and uptodate design 
and—paradoxically—the outgrowth of it as well 
Because it has done its job well, Americans have 
more of everything than any people has ever 
had_ before. 
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Gaskets and seals .. . 

cut from papers tailored to the job, 
are used in all of today’s cars. 
These, from GM, show 

variety of sizes and shapes. 


whats 
new 
about the 
new 
papers 


This ancient material is going far beyond its traditional uses. 
It’s become an engineered sheeting for a thousand jobs. New treatments 
add moisture resistance, stretchability, and heat and flame resistance 


to conventional papers. 


New fibers add strength and 


dimensional ability. Here is what is available and what is to come. 


ANNESTA R GARDNER, Associate Editor 


Paper isn’t just paper any more. It’s anything made 
on a papermaking machine—and that covers a lot of 
ground. Today, there are papers that stand up to high 
temperatures without burning, and others that conduct 
electricity as well as insulate against it. There are elastic 
papers, chemical-resistant papers, and a host of others. 


High temperatures. Now available are papers of glass, 
silica, and ceramic fiber that can endure heat from 
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1000 to 2300 I’. One ceramic type, for instance, is being 
used by at least two furnace manufacturers—Lennox In- 
dustries and Heil-Quaker Co—as replacement for fire 
brick and precast ceramic liners. They say the paper 
gives excellent insulation, eliminates breakage problems, 
and reduces shipping costs. 


Electrical applications. Among new papers that offer 
good resistivity are those made from synthetic fiber, syn 
thetic mica, or glass flakes. On the other hand, high 
clectrical conductivity is given by graphite-coated papers 
and several kinds of metal-fiber paper—some incorpora: 
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ing strands of metal and others made entirely of new, 
microfine metal fibers. Most of these are still experi- 
mental, but they are available for evaluation. Informa- 
tion on them may be obtained from the companies 
listed on page 53. 


Filtration. There is almost no end to the types of 
paper for this application. They range from gossamer- 
thin microfiber glass papers to the heavy, felted mate- 
rial in the new air filter pictured at the right. 


Mechanical and structural jobs. For gaskets, cushions, 
liners and the like, there are papers which can be sup- 
plied in almost any thickness and degree of resiliency, 
made of materials that will resist heat, flame, water and 
chemicals. In this group are asbestos papers bonded 
with rubber latex, and a host of corrugated, creped, and 
laminated materials. 

Paper honeycomb for use in sandwich panels is being 
developed by both industrial and government labora- 
tories. USDA's Forest Products Laboratory describes 
one material with a density of about 2.5 lb/cu ft, that 
provides good thermal insulation (thermal conductivity 
—k factor, 0.45), and can be made fire-resistant. Faced 
with paper, plastic, hardboard, or plywood, it can pro- 
vide structural paneling with surprising strength and 
rigidity. 


Materials from Everywhere 


Obviously, the old concept of paper no longer holds 
true. It need no longer be just a mat of woody or 
sometimes cotton fibers, with many engineering faults, 
though cheap, abundant, and easy to use. Likewise, 
the old distinctions between papers, textiles and felts 
on the basis of appearance and performance are disappear- 
ing, especially with the introduction of nonwoven tex 
tiles and felted fibers. 

Now, just about every material that can be given a 
fiber form becomes a potential source of “paper” 
metals, ceramics, synthetic mica, plastics, moss, fungi, 
and plant wastes. Experimentally at least, paper labora 
tories are turning out electrically conductive aluminum 
fiber papers (PE—Feb 17 ’58, p 17); synthetic mica 
and glass-flake papers (PE—Nov 457, p 5) for electrical 
insulation; ceramic and silica-fiber sheeting that stands 
temperatures in the 2000-F range (PE—July 7 58, p 70); 
and papers that contain high percentages of bagasse, 
bamboo, and fungus fibers (PE—Mar 3 ’58, p 17). 

Bagasse and bamboo papers are of interest primarily 
as substitutes for wood-fiber papers where wood is scarce. 
But fungus-fiber papers, made from the filaments of 
molds and fungi, have special properties of their own. 
According to researchers at the Institute of Paper Chem 
istry, such papers are as strong as those from cellulose 
fibers, but have the advantage of being considerably more 
flame-resistant. 

Rubber paper may be on the way too—and mixtures 
of rubber and cellulose or glass fibers. ‘The same tech- 
nology that has produced ultrafine “microglass” has also 
produced hairlike rubber fibers that can be made into 
light-gage sheeting. 


To Beat the Heat 


The range of products that papermaking machines 
are turning out is illustrated by those available for ele- 
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Paper air filter. . . 
for cars (top) is made by AC Spark Plug Div of 
GM, and replaces the metal unit below it. 
Paper unit is lightweight, permits more varied 
design, does a better cleaning job. Paper 

is now used in oil filters and fuel strainers too. 


vated temperatures. They include glass papers, without 
binders or fillers, that will stand temperatures at least 
to 1000 F, and have a tensile strength comparable to 
kraft in thicker gages (10-mil sheet, for instance is 150 
Ib/in.). 

l'emperatures as high as 2300 F can be endured by 
ceramic-fiber papers like those serving as furnace linings 

and even these have a thermal-conductivity (k factor) 
of only 1.36. They're not too strong (20-mil sheet 
has a tensile strength of about 15 Ib/in.) but are pe: 
fectly satisfactory for supported applications as in the 
furnace. 

Such papers are premium-priced, of course. ‘The cet 
amic type (in 20-mil thickness) is about 15¢/sq ft 
But the glass paper can be had in thinner gages for 
about 2¢/sq ft. 


To Clean the Air 


The variety of papers obtainable even from a single 
company for a single type of application, such as air 
filtration, is tremendous. For example, the paper used in 
the auto air cleaner is a relatively thick material (0.037 
in.), with a smooth backing and felt-like face, made of 
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Specialty papers .. . 





made of nylon, Orlon, Dacron, glass, and many other new fibers may be 
obtained for special jobs. They offer such qualities as dimensional stability; 
resistance to moisture, chemicals and mildew; high strength; electrical resistance 


and conductivity. These examples are from Dexter and GE. 


cotton and redwood fibers treated with phenolic resin. 
Its tensile strength is about 4.2 lb/in. (5 lb in the 
machine direction, 4 lb in the cross-direction). And 
the same company—C H Dexter & Sons Inc—offers 
a gossamer-thin (0.0012 in.) hemp-viscose paper with 
tensile strength almost twice as high in the machine 
direction (but half as good cross-wise) that will trans- 
mit 400 cu ft of air a minute per sq ft, and has a burst- 
ing strength of 7.4 psi. This, too, is for air filtration— 
but for a very different type of job. 


Blending Brings Better Materials 


Perhaps the greatest promise for the immediate future 
lies not in 100% synthetic fiber papers but in blends 
of synthetic fiber and natural fibers. This gets around 
the biggest problem posed by synthetics, yet takes ad- 
vantage of their special qualities. 

The problem stems from the fact that the qualities 
making them desirable also make them hard to handle 
on paper machines. 

Wood fiber can mesh and bond with itself and form a 
web—even while wet—just strong enough for handling 
on continuous, high-speed papermaking machinery. The 
synthetics just don’t form the required web, and satis- 
factory bonding agents are not yet available. 

Good-quality nylon, Orlon (acrylic) and Dacron 
(polyester fiber) papers have been made in the labora- 
tory, and glass and ceramic fiber papers are available in 
limited quantities, but large-scale, low-cost commercial 
availability is still some distance away. On the other 
hand, relatively small percentages of these fibers can be 
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added to the cellulose without interfering too much 
with the papermaking process, and yet bring a con- 
siderable improvement to performance. 

Adding only 5% by weight of glass fiber to cellulose 
pulp improves dimensional stability in the cross-machine 
direction by 30% to 40%. Tear resistance can also be 
boosted 50% or more. 


Filaments and Films Add Strength 


Strands or films of other material added to cellulose 
paper can increase strength and durability. Three recent 
examples are Kimberly-Clark’s Kaycel which is paper 
wadding reinforced with a continuous filament web of 
rayon or nylon; Mosinee’s Scrimtex which has a rayon 
or fiberglass reinforcing mesh introduced into the paper 
during the papermaking process; and Scott Paper’s Dura- 
Weave, a rayon scrim laminated between double plies 
of wet-strength paper. 


Treatments Make It Better 


Blending is by no means the only way to improve 
properties of cellulose-fiber papers. For instance, ten- 
sile strength and tear resistance can also be increased 
by mechanical and chemical treatments. 

Just a few months ago, West Virginia Pulp & Paper 
announced its Clupak—“stretchable” sheeting produced 
by a mechanical process which, in effect, forces the 
fibers together so they will “give” when stretched and 
resist breaking or tearing. This stretchability is different 
from the kind long familiar in crepe paper, though there 
are new developments in that type of sheeting too. 
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Much can also be done, both to increase tensile 
strength and provide more uniform materials for such 
applications as filtration, by orienting the fibers during 
the papermaking process. Most papers are stronger in 
the machine direction than crosswise—sometimes as 
much as 50%. It is hoped, by improving the paper- 
making process, to reduce or increase that differential 
at will. 


What Chemicals Can Do 

Chemical treatments give paper greater strength as 
well as increase its moisture resistance. The wet-strength 
papers now on the market are only the beginning. Jobs for papers-to-come . . . 

Today, there are treated papers that cost little more may range from mold-resistant, knitted paper sandbags, 
than the standard variety, yet show remarkable improve- like these being tested by Army Engineers, to improved 
ments in every respect. Ordinary kraft, for instance, battery separators and slot insulation. Woven construction 
practically disintegrates on contact with water, but after here brings paper into texitle eld. 
wet-strength treatment it can stand soaking for 72 hr 
or more. Likewise, grease resistance can be boosted 
from near zero to at least 24 hr; and flame resistance germ-killers that could perhaps provide lasting prote: 
vastly increased. Toughness and elasticity can be boosted tion for medical and sanitary products. 
too—at least 5-fold. Because of what it can do, paper no longer has to 

here are a good many other interesting treatments be cheap material—and, in many cases, it isn’t. Synthetic 
for paper, limited in application perhaps, but worth fiber papers cost more than those from wood pulp; 
investigating against the day when they can help solve and treated papers more than untreated ones—though 
an unusual problem. For example: several “anti-skid”’ here the difference in price may be quite small. But 
treatments with no apparent effect on the surface of when paper permits so improved and simplified a design 
the paper, yet providing just enough roughness or ad- as in the air filter, price becomes secondary. ‘The papet 
hesion to prevent two surfaces from slipping against air Cleaner won't save money—but it is convenient, and 
each other. These treatments, applied to one or both will protect the car. 
sides of the sheet, add relatively little to cost. 
EDITOR’S NOTE: For more information on the fibers men- 
tioned here, and on other new materials made from them, 

Many of the new papers open brand-new application see references in text and: 
possibilities. For instance, the corrosion-inhibiting, “Design Hints for Laminated Plastics,” Jan ‘57, p 186— 
moisture-proof, and oil-resistant papers for packaging wootet data asd exatortate, that incorporate paper. 
might well be adapted for engineering applications; et ee ee ae eee —— 
paper, but not quite the same, these materials rate attention 
too. 

“Glass and Ceramic Fibers,” July 7 ‘58, p 70—background 
data on the fibers themselves. 

“Selection Guide for Sandwich Materials,” Jan 20 ‘58, p 70 
—a three-part series on these up-and-coming combinations 


New Ways to Use Paper 


papers impregnated with corrosion inhibitors might 
serve as protective gasketing; some of the specialty papers 
might be used to feed-in lubricants and others to serve 
as oil seals. 


Today, it is possible to produce papers with built-in 


FOR MORE INFORMATION ON PAPER Producers of synthetic fibers, chemicals for papers 
i i % York 20 

With so many types of paper already on the market, and emnerant Cymsants Co, 30 Rockefeller Plesa, New o 
so many companies ready to supply them, it would be im- American Viscose Corp, 1617 Penna Bivd, Philadelphia 
possible to list them all. Here, though, are some of the The Carborundum Co, P O Box 337, Niagara Falls, New York 
sources of information tapped for this story: E | DuPont DeNemours & Co Inc, Wilmington 98, Del 
LOF Glass Fibers Inc, Toledo 1, Ohio 
Monsanto Chemical Co, St Lovis 1, Mo 
Owens-Corning Fiberglas Corp, 16 E 56th St, New York 


Cincinnati Industries Inc, Cincinnati 9 H | Thompson Fiber Glass Co, Cordova & Budlong Sts, Los 
C H Dexter & Sons Inc, Windsor Locks, Conn Angeles 


Facile Fabrics, 675 Fifth Ave, New York 

Hurburt Paper Co, South Lee, Mass 

Mosinee Paper Mills Co, Mosinee, Wis 

Riegel Paper Corp, 260 Madison Ave, New York 16 
St Regis Paper Co, 150 E 42nd St, New York Arthur D Little Inc, Cambridge 40, Mass 


Union Bag-Camp Paper Co, 233 Broadway, New York US Dept of Agriculture, Southern Regional Research Labora 
West Virginia Pulp & Paper Co, 230 Park Ave, New York 17 tory, Robert E Lee Blvd, New Orleans 


Papermakers 


Research Organizations 

Armour Research Foundation, Chicago 16 
Battelle Memorial Institute, Columbus 1, Ohio 
Institute of Paper Chemistry, Appleton, Wis 
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design guide: 


WHEN AIR is 


MRS B O BUCKLAND 
Heat-transfer Applications Engineer 
General Electric Co, Schenectady 


Or. way to put the cart before the horse is to build 
an assembly and then check to see whether it is running 
hot. Yet this is a common tendency. Why? There is 
no lack of published information on heat transfer—but 
there is difficulty in applying such data. This article makes 
it possible to check air-cooling possibilities in advance . . . 
before going into refined calculations or building a proto- 
type. 

Common sources of unwanted heat are electrical com- 
ponents—such as vacuum tubes, motors, rheostats. Heat 
loss in these devices is measured in watts . . . therefore 
surface heat-transfer values are given here in w/ sq in. 
(one watt equals about 3.41 btu/hr). 


54 REPRINTED circle E67, inside back cover 


the COOLANT 


Here’s a quick way to estimate whether the assembly 
will run too hot—and whether the self-cooling methods 
of radiation or convection can handle the trouble. Author 
supplies the necessary equations and heat-transfer 


coefficients to do the complete job. 


Heat transfer can be by conduction, radiation, convec 
tion and evaporation. Only convection and radiation need 
be considered in this article because these two usually 
limit total cooling capacity of most air-cooled assemblies. 


ALLOWABLE TEMPERATURE 
These three sets of criteria influence the maximum that 
design can allow for.the temperature of a product 
(1) Limits set by human tolerance 
(a) Touch—54 C (130 F) is the recommended 
maximum for exposed surfaces. 
(b) Radiation to skin—largely empirical. Un 
protected, continuous exposure will limit max 
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SURFACE-COOLING EQUATIONS 


The basic equation is gq = hAAT, in which q 
is heat input, watts; h is surface heat-transfer coef 
ficient, watts/sq in./°C; A is effective area of sur- 
face being cooled, sq in.; AT is effective temperature 
difference between surface and surroundings 

Coefficient h has several possible subscripts: r for 
radiation, nc for natural convection, fc for forced 
onvection 

l'emperature difference is expressed in two ways 
l 
temperature and average temperature of surround 
ings for radiation and natural convection; and 

2) logarithmic mean temperature difference for 
forced convection, which is 


arithmetical difference between average surface 


A T AT nex st AT nin 
] Py} 
OL n roa 
- Fo 
The diagram shows a simple thermal circuit 
similar to an electrical circuit) in which radiation 


nd natural convection cooling are combined. If 
5 

the heat source is known and constant, the unknown 

surface temperature can be found as follows 


q 
A (he + hy) 


More branches may be included for other cooling 
effects such as conduction. 


Tsurtace — T surroundings = 


If fins are added, a modified version of the basic 
equation is needed to solve for the additional con 
vection cooling 


g=hne An (T,—T a) 
ere A is total surface area of fin, sq in.; T, and 


ire average fin surface and ambient air temper 
C; and » is fin effectiveness, plotted on 











temperature severely; but protected and in 
term'ttent exposures allow very high tempera- 
tures 
2) Mechanical limits—structural strength, corrosion 
resistance, and thermal expansion will affect choice of 
allowable temperature. For example, remember these 
common effects of temperature on structural and sealing 
materials: a 50-50 lead-tin solder will melt at 212 C 
414 F); low-carbon steel will oxidize in air twice as 
rapidly at 400 C as at 300 C; Teflon expands thermally 
about six times as much as steel. 
(3) Functional limits—temperature can influence 
operating characteristics of circuit components such as 
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These coefficients ... 

give rate of surface heat transfer when substituted in basic 
equation q hAAT. Heat transferred by convection depends 
on simple temperature difference but is affected by air density 
Convection curves shown apply for one typical set of conditions 
only: air pressure is 14.7 psia; and average temperature of 
surface and ambient air is 65 C. Reference dimension is dia 
of cylinder or height of vertical plate...other dimensions are 
considered infinite 


transistors. A germanium transistor, for example, will start 


to lose its semiconducting properties above 75 C. Copper 
conductors more than double their electrical resistance 
when the temperature increases from 21 C to 260 ¢ 
Ihe above problems are interrelated. Vor example 
lowering the surface temperature by padding with insula 
tion may spoil local self-cooling characteristics of the part 

unless the new shape and extra surface area can remov 


the same amount of heat at the lower temperature 


FOR SELF-COOLING 
Combined radiation and natural convection are often 
called self-cooling. Heat transferred by radiation, q,, is 
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WHEN AIR is the COOLANT (ont. 


FIN EFFECTIVENESS 




















rn 


“F 


— .¥ — 
ll 
| 
l 





Effectiveness, 




















02 | 
0 





, GR Obaee. | 


ab 


» 


Heat dissipated .. . 

from fins will be greatest if the parameter ab is 
small. This gives good conduction of heat from 
base to tip, keeping surface temperature close 
to base temperature. Definition for a is (2h/k8d)'/’, 
where k is thermal conductivity, w/sq in./in./°C; 
8 is average fin width, in.; and h is convection 
coefficient w/sq in./°C. Fins here are assumed 
to have uniform cross-section. 


proportional to the 4th power of temperature, but it can 
be simplified (see basic equation supplied with other su 
face-cooling equations on p. 55). In curves, same page, 
the simplified heat-transfer coefficient h, has been calcu- 
lated for an emissivity of 0.9. This value was chosen 
because it is typical for glass, painted surfaces, and well- 
oxidized metals. Perfect, black-body emissivity is 1.0. 
lor other surfaces whose emissivity is known, multiply 
coefhcient h, by a correction factor—the ratio of known 
emissivity to 0.9 

Ihe condition of the radiating surface is important. A 
shiny surface is a poor emitter, therefore it sometimes 


pays to coat such a surface with dull paint. 


Convection is transfer of heat to a fluid (here it is air) 


along the surface. Natural (free) convection depends on 


temperature difference between the surface and the air; 
this difference warms the air and its resulting change in 
density keeps it moving, carrying away heat. Forced con 
vection needs an external fan or blower to move the air; 
it should not be selected unless self-cooling proves in 
adequate. 


Fins can improve natural convection considerably by 
increasing the total heat-exchange surface and by con- 
hning and directing the available air. For greatest fin 
effectiveness follow these two rules: (1) for good air flow, 
keep spacing greater than 4 in. between adjacent fins; 
ind (2) be sure that thermal conductivity of a fin is 
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sufficient to take full advantage of the increased surface 
convection. 

Rate of heat transfer by radiation (as opposed to con- 
vection) is usually not any better for a finned surface than 
[his is because most of the increased 
it faces the hot surface of another fin. 


for a plain surface. 
area is ineffective 


FORCED CONVECTION 
Ihree steps are needed to establish the best design if 
forced convection proves necessary. Each step is an 
“Can the 


air coolant remove the heat with a reasonable tempera 


equation and asks a question. The first asks 


ture rise in the air?” The basic equation is 


- heat input rate 
Tout — 


weight flow rate) (specific heat of air 


Ihe second asks: “Can forced convection actually 
remove the heat from the surface?”’ Here, the answer is 
supplied by the same basic equation referred to before 
q=hAAaT. The surface heat transfer coefficient, h, 


for forced convection is plotted on next page f 1 typical 





OTHER DEVELOPMENTS 
IN COOLING 


Peltier cooling—a group of thermocouples 
will remove heat if electric current is forced 
in the proper direction across the junction 
Small electronic parts are already being 
cooled this way, and full-size refrigerator 
are certainly feasible 

Evaporative cooling uses latent heat of 
evaporation of fluids to remove heat at a 
high rate. Sublimation of solids is a similar 
method, but is not common. Extremely low 
temperatures are achieved with boiling nitr 
gen or helium. Other fluids, including som« 
chlorethanes, will boil at temperatures just 
above normal ambients. Good dielectri 
properties and low cost, plus compatability 
with most metals, may be additional requiré 
ments 

Liquid metals, such as sodium, at 
to cool nuclear reactors. An early use of 
sodium for cooling was in the hollow valve 
stems of some reciprocating engines. Here, 
the convection in the melted sodium tran 
ferred heat away from the hot spots 

Conduction of heat can be improved in 
several ways: Cold-plate cooling has heat 
producing devices mounted on a common 
plate that is cooled by air or liquid. Con 
duction from device to plate can be helped 
with a heat-conductive grease. Some petro 
leum greases have reasonably good heat con 
ductivity—about 0.7 w/sq in./°C for film 
thicknesses on the order of 0.001 in. or les 
This conductivity is better than that be 
tween two dry plates with rough surfaces 
For devices that must be encapsulated, pot 
ting compounds with embedded metal par 
ticles will help cool by conduction—but may 
spoil electrical insulating properties 
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FOR TYPICAL CONDITIONS 
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Forced-convection values . 
will be different from those plotted in 
typical curves at top if any of condi- 





| Laminar region Reference 
b GMENSION, in. 


tions are not the same as assumed. 
Assumed conditions are: smooth, 
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straight ducts; length/dia ratio 50 
in laminar region to left of cusps; 
average air temperature, (T,.—T.,,,)/2 

20 C; and natural convection 








effects are disregarded. Reference 
dimension is dia of round duct or 
narrow dimension of flat duct. For 

















true coefficient, multiply h,. from typ- 
ical plot by each appropriate correc- 
tion factor. Units of pVD are: (Ib/cu 
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Duct length 


ft) (ft/hr) (ft). D is true dia or hy- 
draulic dia, ft. Final equation is the 
basic one given before: q h, AAT, 
..where h,. is corrected value 


set of conditions; also supplied are correction curves for 
other conditions. 


The third formula helps answer the question: “Can 
the air coolant be forced through the system with the 
ailable pressure drop?” Here is a typical equation—for 
pressure drop in a circular pipe 


. L V2 
Pa Pa = 15% 


vhere P is psf, p is weight-density in Ib/cu ft, V is 
velocity in ft/sec, and g (acceleration) is 32.2 ft/sec® 
Length/dia ratio L/D is dimensionless. Friction factor f, 
plotted in Marks’ Handbook under “Mechanics of 
Fluids,” depends on pipe size and surface roughness as 
well as fluid density, velocity and viscosity. The equation 
ipplies to noncircular ducts too—D becomes hydraulic 
dia, equal to four times the wetted area divided by 
the perimeter. Effects of bends, entrance configurations 
ind other obstructions are covered in “Updating the 
K-factor,” (PE Apr 14 °58, p 74 

If the three questions cannot be answered satisfac 
torily, then two choices remain. One choice is to modify 
the cooling system—even changing the coolant if neces 
sary—for increased heat dissipation from the product 
Che alternate—not always possible—is to redesign the 
product to reduce unwanted sources of heat 


REPRINT of this article can be obtained for your reference file 
by checking No. E67 on one of the Reader Service cards bound 
in this issue. For other reprints available see ‘Current Reprints”’ 
listing in this issue on page 137. 


EDITOR’S NOTE: The beneficial effects of conduction as well 
as convection and radiation are summarized in “Removing Heat 
from Electronic Devices,” July ‘54, p 164. That article includes 
tables of temperature difference vs required cooling area 
and explains effect of color on heat radiation. 

Emissivities for metals such as stainless and titanium at vari 
ous surface conditions are compared in “Radiation character 
istics of Metals,” Sep ‘53, p 205. 

A fan well suited for forced-air cooling jobs is described in 
“Mixed-flow Impellers,” Jan 5 ‘59, p 56 
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DESIGN FEATURES 


Stator 
Searing end 


block /nlet 


CLILLLEL 


Outlet 


z) 


The positive-displacement unit works with 
bonded-to-metal rubber parts. They compensate 
for wear, provide positive seal between moving 
parts, and permit handling of solids in 
suspension. 

Inherently self-priming, this pump can suction-lift up to 30 ft 
when driven at speeds from 750 to 3000 rpm. Constant 
capacity is maintained at any given speed in this range with 
delivery pressures of 0 to 100 psi. Model 7, shown here, de- 


livers 20 imperial gpm at 50-ft head when driven at 1800 
rpm. Pump is produced by Goodyear Pumps Ltd, Camborne, 


Plate whee/ England. 


Direction of rotation 


Rubber Parts for Flexible Pump 


Rotor and plate-wheel .. . 
of pump can be compared with worm 
and-wheel reduction gear l'urning 
the metal rotor counterclockwise forces 
fluid to right and drives rubber plate 
wheel clockwise. Slugs of pumped fluid 
are trapped in spiral groove of rotor by 
teeth of plate-wheel. A nonpulsating 
flow is achieved by continuous sequenc« 
of fluid passed through pump by rotor 
Positive seal is achieved by rubber stator 
and plate-wheel pressing against rotor 
Ihe pumped liquid lubricates moving 
parts 

Removing the right-hand end block 
and one half of the split casing permits 
removing all moving parts and the 
stator for cleaning or replacement. ‘This 
can be accomplished without discon 
necting the pump from its piping o1 
motor 

A choice of four types of body ma- 
terials, three rotor materials, and four 
elastomers for plate-wheels and stators 
allows handling a wide range of appli 
cations in general industry, mining and 
marine work Hard chrome coating 
or hard nickel impregnation of the 
body castings provides adequate re 
sistance to wear or chemical corrosion 
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IN NEW PRODUCTS 


Decomposition chamber 


tahoust casing 


Geor box 


AM-10 is a self-contained, electro-hydraulic power-generating 
unit for missiles and aircraft. Able to operate in ambient 
temperatures from —40 to over 400 F—depending on cooling 
media available—the unit uses an insulated gearbox and 
controller. Three pumps, in addition to a splash lubrication 
system, assure adequate gearbox cooling at any attitude, or 
during negative-g conditions. AM-10 develops up to 40 hp, 
has 150-hr unit life, is produced by General Electric’s Aircraft 
Accessory Turbine Dept, W. Lynn, Mass. 


Triple safety 
prevents turbine disk from disintegrating in case of over 
speed. Normal operating speed is 51,200 rpm; overspeed 
trip control operates at 55,500 rpm and _blade-releas« 
speed is 60,000 rpm. ‘This gives extra safety in case of 
simultaneous failure of (1) the normal speed-control cit 
cuit or (2) the overspeed trip circuit 

A release groove is machined into all of the turbine 
blades to get a homogenous cross-section at the groove 
When runaway speed goes past trip-control speed, some 
grooved units part at the groove and shear off the remain 
ing blades. The heavy wheel disk now comes to a stop 
instead of disintegrating. The broken blades are contained 
within the exhaust casing and nozzle box to prevent dam 
aging the vehicle or personnel 


PRODUCT ENGINEERING * February 16, 1959 


Another Way to Stop 
Runaway Turbines 


In this fail-safe method (compare with 
PE—Mar 31 ‘58, p 111), some of the blades break 
off at the grooves and shear away the other 
blades. The gas turbine, designed to meet a 
wide range of altitude and temperature require- 
ments, is driven by catalytically produced 


hot gases. 


Decomposition 
chomber 


Gearing 


-_ Permanent 
Hydrogen : magne! 


peroxide Supply generator 








Hydrogen peroxide 
that fuels the standard turbodrive unit, passes Oo 
an on-off valve and a fuel modulation valve to the dé 
omposition chamber. Upon contact with silver screens 
the peroxide decomposes to steam and oxygen 

The hot gas then impinges on a ingle-stage, axial flow 
turbine at high velocity The turbine wheel is geared 
to a 12,000-rpm alternator pad and a 3925-rpm hydraulli 
pump pad. Any power combination up to 40 hp may 
be accommodated on the standard AN pad 

Alternator frequency, a direct function of turbir 
speed, is regulated by a 4-part control system. A perma 
nent-magnet tachometer generator, on the turbine shaft 
feeds a speed signal to a tuned circuit frequency sensor 
This sensor compares input to a fixed 400-cycle refer 
ence; a signal proportional to frequency error is ampli 
fied and used to control the fuel modulation valve 
With this control, essentially constant turbine speed is 


maintained even with large load variations 





PRODUCT DESIGNS 


It’s an overrunning clutch that provides 
constant power flow and smooth gear 
shifting. Design also features electric 
remote control that simplifies instal- 


lation, eliminates mechanical linkages. 


The 2-speed, fully automatic transmission can 
be used for city buses or railcars where steep 
grades are not a problem. Here it’s installed in 
a diesel bus whose carrying capacity exceeds 
its empty weight. “Hydromedia” transmission 


is a German idea developed by Zahnradfabrik 

Friedrichshafen AG, Friedrichshafen; installed in 0 | e f C | uteh 

bus model 760 U01, Maschinenfabrik-Augsburg- 

aR moothens Bus Ride 


ie AC Generator 
installation simplicity .. . 8 
is shown by schematic of transmission control ; 
Three gear positions may be selected—Forward, Contro/ 
Neutral, Reverse—by pushbutton or lever con 
trol connected to the transistorized control re 
lay. Vehicle speed and engine-load control all 
gear changing 

Vehicle speed is measured by an ac gener 
itor mounted at output end of the transmis- 
sion, where a speedometer is normally con- 
nected. Current produced by the generator 
orresponds to vehicle speed and is fed di 


rectly to the solenoid-operated transmission | Accelerator Transmission 


control valve The accelerator pedal works tt / F A dal control valve 
1 position transducer connected to the con- ~~ . 
trol relay that transmits gear-selection data to t 
the transmission. System operates on 12 or ' : | To engine 


24 volts and all connections are by wire 


“Position transducer 





Oil- pressure — 
Supply 


Countershatt Fricton clutch, 


1 2-speed, countershaft type with three sets of constant mesh 
sears, two multidisk friction clutches, the roller clutch, and dog 
lutches used for reverse only. In high gear, power comes directly 
through mainshaft and its friction clutch. Low gear is provided 
by reduction gearing and friction clutch on the countershaft 

Overrunning roller clutch allows the low-gear friction clutch 
to remain engaged until overtaken by the faster high gear. This 
provides constant tractive effort and smooth, stepless gear-changing 


Overrunning 
clutch 


To ais , Passages in upper half of the transmission housing lead from the 

14 convertor 

ree pi she control valve to each friction clutch. Oil pressure is provided by 
two pumps which also circulate oil in the torque converter 
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Three casting alloys .. . 


show improvement when press-forged. Best response to the hybrid treatment is shown by the 220 aluminum alloy. 


FORGING 


presses strength into lightweight 


CASTINGS 


Fresh data on this hybrid technique shows how follow-up forging 
can improve parts cast from aluminum and magnesium alloys. 


WwW ROSTOKER, Assistant Manager 


Metals Research, Armour Research Foundation 


A hybrid process is now press-forging castings of alu- 
minum and magnesium. Developed at Armour Research 
Foundation, the method gives cast parts nearly as strong 
as high-strength forgings. In contrast to usual strength- 
ening by age-hardening, the new technique cold-deforms 
a casting—squeezes it in a closed die—to supply substan- 
tially greater strength while retaining castings’ other 
advantages such as low cost, better machinability and 
comparatively short manufacturing time. Here is fresh 
data, from the program sponsored by the Air Materiel 
Command’s Manufacturing Methods Branch, which gives 
useful ground rules for the method. 


The Materials 

Basically, the Armour process work-hardens cast metals 
by compressive deformation below the aging temperature 
or recrystallization temperature, whichever is lower. In 
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the initial tests, various materials were cast into 1-in.-thick 
plates with uniform density and mechanical properties 
Cut to 1x1x8 in., the specimens were then press 
forged between flat dies in a 1000-ton press. 

Data on two lightweight alloys showed promise of 
strength-ductility combinations better than thos 
obtained by age-hardening, so this pair of alloys was 
carried through to finished production parts 


220 aluminum was one of them. As shown in charts 
on this page, press forging gives a large gain in strength 
over the usual solution-treated condition. The casting’s 
0.2% yield strength can be improved over 100% at a 
cold reduction of 40%. Ductility is reduced but th 
final level of about 7 is sufficient to meet most design 
requirements 


AZ92 magnesium was the other, though it had to be 
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heated to 400 F in order to be press-forged to high reduc 
tions without cracking. Otherwise, this alloy responded 
well. Most of the strength improvement—approximately 
40% for 0.2% offset yield strength—was attained at 
20% reduction, with only slight improvements at greater 
deformations. This strengthening was achieved with no 
loss of ductility. 


A third cast alloy, 356 aluminum, has a high-strength 
reputation, but its mechanical properties also benefitted 
from press-forging, though not as much as the 220. Press- 
forging to give 30% deformation at 300 F raised its 
0.1% yield strength by 55%. But the normally low 
ductility (3.5% elongation) was reduced further to below 
1%. Because these properties could also have been 
attained by simply heat-treating with a longer aging cycle, 
industrial prospects for press-forging 356 are unlikely. 
But where it isn’t feasible to selectively heat-treat a cast 
ing, press-forging could be used to strengthen certain 
critical areas of 356. 


Which Forging Temperature? 


The press-forging temperatures are cold, metallurgically 
speaking, because they are below the recrystallization 
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Press-forged 


Original casting 














Pressed- forged 


Original casting 











This typical part . 

has hub, ribs and raised bosses, so was chosen for Armour tests 
It is a lever-arm casting. Drawing shows results of 20% 
reduction (in each pair of dimensions, upper value is as-cast, 
lower value is after forging). Curves show that forging reduced 
deflection under load about 30% and permanent set about 
65% at design stress. Material is magnesium AZ92. 


temperature. As long as forging temperatures wer« below 
this point in tests, the gains in strength were about the 
same. However, the higher temperatures within this 
cold range required less pressing force to give the sam« 
results. Some materials like AZ92 magnesium need 
higher temperatures to permit a reasonable amount of 
forging reduction without cracking. On the other hand, 


the 220 alloy should be forged near room temperature 
to avoid aging, which lowers ductility. 


Shape of the Part 

As the part is pressed, height decreases and width in- 
creases. When forging reduces the height-to-width ratio 
below 1:3, the needed pressure becomes uneconomical. 
In general, over-all dimensions of parts increase, exterior 
radii become larger and interior fillets become smaller. 

Although lubricating the material does not reduce 
forging pressures, it does cause more uniform material 
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flow and also promotes mold release where there is little 
or no draft on the part being press-forged. 


Dies Are Inexpensive 

Key to lowering forging costs and cutting manufactur- 
ing lead time are using dies as-cast. Such dies made of 
beryllium copper by a modified Shaw Process have suf- 
ficient accuracy for forging (in the tests, only the mating 
flats at the die parting were machined). After 100 cast- 
ings were forged, measurement of the dies and forged 
parts revealed no significant die wear. It is these cast 
dies that promise to broaden the field for all light-metal 
forgings because they drastically lower costs, especially 
for short production runs. 


Broad Applications 

Although applications given here are confined to alu- 
minum and magnesium, additional test data show that 
this cast-forging process can also strengthen other families 
of casting alloys, such as titanium. Gains offered by the 
process are modest in comparison with those offered by 
quench-hardening. But for materials that cannot be heat- 
treated or age-hardened, the method promises a new way 
to improve castings. 


EDITOR’S NOTE: For more information on materials and proc- 

esses giving optimum design of lightweight structures see: 
“Manganese Joins Aluminum to Give Strong Stainless,’ Dec 

22 ‘58, p 50. Austenitic Al-Mn-C steel is promising candidate 


for a lightweight “poor man’s stainless”; has ductility for form- 
ing and strength at high temperatures. 

“Closer Look at Metal Properties,” Oct 27 ‘58, p 48. Points 
out mechanical properties that seem hidden; how to get around 
design troubles by taking closer looks at metal properties. 

“Those Heavy Presses Can Pay Off,” Sept 29 ‘58, p 34. 
Heavy presses which can deliver a squeeze up to 50,000 tons, 
and can be used in new process areas in addition to original 
purpose of forging or extruding. 

“Hardenable Titanium,” July 21 ‘58, p 68. An age-hardenable 
alloy, B-120VCA combines corrosion resistance, high-temperature 
strength, and high strength-weight ratio. 

“Pelletized Magnesium Extrusions,” May 12, ‘58, p 76. Al- 
though they cost more than regular extrusions, their superior 
compressive strengths promise radical design changes for large 
magnesium sections. 

“High-integrity Aluminum Castings,” Feb 17 ‘58, p 66. Relia- 
ble aluminum castings can be made by: choosing alloy with 
good castability, designating requirements of critical areas, 
closely controlling foundry techniques, and corroborating foun- 
dry practice with test data. 

“Chemical Milling,” Feb 3 ‘58, p 50. Design data on metal 
etching method now speeded up to give large-scale production 
of parts that other methods cannot handle easily 

“New Aluminum Forging Alloy,” Dec 23 ‘57, p 62. Lower 
notch sensitivity makes alloy 7079 better than the older 7075 
for thick sections requiring high strength. 

“Castings as Strong as Forgings,” June ‘57, p 170. Mold con 
struction using anodized aluminum, combined with controlled 
pouring rate, gives fine grain for high strength. Adaptable to 
aluminum, magnesium, cast iron, steel 





METAL BONDING 
AIDS SPINNING 
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HAROLD MARKS 


Boeing Airplane Co, Seattle 


Thin stainless steel and titanium 
tank ends, formed from 0.003 to 
0.015-in. stock, are being spun into 
wrinkle-free parts by bonding the thin 


sheet between 0.040-n. aluminum 


illoy sheets with a rubber-base ad 
hesive. After spinning, the aluminum 
is dissolved in an alkaline ution 
and the adhesive removed with a sol 
vent. Finished part is fr f itch 
ind wrinkles 
The same bonding procedure 

brake-formed parts delivers a bend 
radius only three time he stock 
thickness without warping or surfac 


Without bonding, a bend 


radius of six times caused cracks and 


damage 


wrinkles 

The new German spinning lath 
shown here, like the one pictured in 
Fig. 2, Jan 5, page 45, replaces mu 
cular effort with hydraulic power 
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AS LE’s GEAR SYMPOSIUM— 


emphasis is on 


A fast report on papers delivered at Chicago by outstanding 
specialists in gear lubrication. And PRODUCT ENGINEERING’S editor adds 


on-the-scene drawings that illustrate new testing techniques. 


WV hile a wealth of lubrication data has been published 
in recent years, not enough effort has been made to 
analyze it statistically and put it together again in the 
form of gear-design equations—in the opinions expressed 
by lubrication engineers at the ASLE Gear Symposium 
held in Chicago, Jan 26 and 27. Most of these engineers 
are experimenters, as shown by the emphasis on do-it- 
yourself testing methods, but they are left on their own 
to put the data to work. 

Here are highlights of this meeting that brought to- 
gether some outstanding specialists in gear lubrication 
Numbers in parentheses refer to papers presented at 
the session and obtainable from the American Society of 
Lubrication Engineers, 84 E Randolph St, Chicago 1, 
Ill, at 75¢ per copy (50¢ to ASLE members). 


GEAR-TESTING RIGS 
I'rend today is toward more use of gear-testing rigs, 
either to test a pair of gears under full load or to check 


ability of a lubricant to prevent wear or scuffing. The 


rigs, which are also referred to as 4-square gear testers, 
can be home-made or purchased. 

Quite a few types have been made by one company 
or another (for an up-to-date survey, see “12 Ways of 
Testing Gears,” Jan 6 °58, p 77), but the one that 
seems to be getting the biggest play is the Ryder gear 
rig shown here. 

It may not be the best type available, but it was 
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ready and available when the need arose. Now it is the 
standard machine called for in Military Specifications 
MIL-L-7808C, MIL-L-9236A, MIL-L-17331A (ships), 
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and MIL-L-25336 for determining the gear-load carrying 
ability (or the scuff-limit load) of lubricants. 

The Ryder rig employs hydraulic pressure to axially 
shift a pair of hardened helical gears: This twists the 
shafts in opposing directions, causing a load on the 
rotating test-gears which are then checked periodically 
for evidence of wear. 


Correlation between types... 

of gear rigs is now obviously needed, and this job has 
been tackled by Earl Ryder (GS-3) designer of the Ryder 
rig. He compared five types—Ryder, 1.A.E., Thornton, 
FZG and Shell—and found that correlation seems good. 
But more important, he found that gear rigs can test 
an oil in ways that cannot be tested except at great ex- 
pense in the full-scale machine. Gear-rig testing is being 
extended to measure fatigue. 


Home-made gear-tester .. . 

was employed by Shipley of General Electric (GS-6) to 
develop equations for predicting the efficiency of spur 
gears. He gave details of his test setup and derivation 
of his equations (which originally appeared in Propuct 
ENGINEERING, Aug 4 '58, p 44). Shipley now plans to 
extend the tests to include higher sliding velocities— 
up to 10,000 ft/min.—and to cover more lubricants. 


Performance of heavy-duty gears... 
was also investigated by a home-made gear rig, as shown 
in the sketch below. 

Maurer of the Falk Corp (GS-5) supported the pinion 
shaft on a hinged frame which allowed the pinion and 
gear to be brought into tight mesh. The teeth were 


,test 
- * gears 
> rurne 
hing ’ buckle 
fi me~y 'T. 
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experimental methods 


NICHOLAS CHIRONIS, Associate Editor 


loaded by adjusting turnbuckles to tighten two cables 
attached to the frame and anchored in the base. 

Strain gages then measured the tension in the cables 
required to load the teeth. This setup gave good results 
in testing lubrication of gears with diameters up to 18 ft. 


WEAR OF OSCILLATING PARTS 
Significant work has been done by Batter and Reed, 
l'echnical Operations Inc (GS-12), on lubricated surfaces 
subjected to oscillating motion. For one thing, they 
developed a new empirical wear equation 


W aF'S \8 I > 39 2h I ») 
= t + 26 _ ~239 2h) A 228) 
1.44 [ re oe ] 


where 
a = general constant, usually obtained from past 
tests on similar materials 
S = total number of cycles 
R = maximum radial displacement, in. 
L, = normal load, psi 
I surface finish, microinch rms 
1 = speed, cycles per sec 
W weight loss from wear, milligrams 
his takes in more variables and is more complex than 
Rabinowitz’ wear equation (June 23 "58, p 71) but both 
are similar in that a general constant, or wear coefficient, 
is needed from previous tests before answers can_ be 
obtained. The constant drops out of the equation if 
the change in wear is to be predicted when the same 
materials are employed, but other factors such as speed, 
load, finish are changed. 
Other important conclusions by Batter and Reed arc 


Catastrophic wear rates . . 

sometimes occur when poorly lubricated surfaces are sub 
jected to oscillating motion. Wear rate increased very 
slightly as the displacement of oscillation increased, 
until a critical displacement of approximately 0.03 in 
was reached. From that point on, the character of wear 
changes from scoring wear to worm-track wear and a 
“catastrophic” wear rate occurs. The metals now begin 
wearing rapidly and sub-fatigue cracks release macroscopic 
metal chips from the surface. Some research sponsored 
by the Navy also noted this condition. The critical 
displacement (0.03 in.) is less for softer materials. 
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Increasing the hardness 


does not appear to reduce wear significantly. In fact, 
the harder specimens developed worm tracks which 


increased the wear rate. 


Fingerprint-like grooves . . . 
machined into the surface of specimens formed pocket 
for oil and contaminants, and decreased the weat 

Speed and load strongly affect the wear rat is seen 
in these curves 
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c ment 
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Ey tof Vaviagies on Wea 
Increasing the test speed decreases the wea ite on 


both with time and per cycle but the load has a ¢ 
influence on wear no matter what the magnitud 


ynstant 


GEARS AND DIFFERENTIALS 
Sliding velocity of hypoid gears, which greatly affects 
wear, is in turn influenced by the amount of pinion 
effort and gear ratio. Powell and Barton of Armour 
Research (GS-8) have found that present automotive 


hypoid gears have greater pinion offset because of demand 


for lower-style cars. An increase in pinion offset in 
creases the sliding velocity. Also the gear ratios ar 
lower because engines and automatic transmissions can 


give the needed power amplification 


Limited-slip differentials . 

are cutting down tire wear in automobil be pro 
viding good traction on ice and snow, reports O’Brien 
of the Dana Corp (GS-9). Reports from taxicabs using 
limited-slip differentials show increased tire life up to 
four times normal life. @ 
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when stress fluctuates .. . 


Completely Reversing Stress 








| Time —> 
| S, 





THIS FAILURE DIAGRAM 


for SAFE LIMITS 


It is estimated that 90% of failures in machine parts come from 
fatigue rather than overload. Here’s the author's graphical way 
of determining safety factors when fluctuating loads are super- 
posed upon existing stresses. An example applies the method to 


cantilever springs. 


M F SPOTTS, Professor of Mechanical Engineering 


Northwestern University 


Thi failure diagram offered by the author is another step 
in the direction of getting more out of metals. It gives 
you a better picture of the risks that you can take—and 
the safety factors governing them—when stresses arc 
caused by a complex pattern of loads. It applies to all 
materials whose ductility characteristics are similar to 
those of steel 

In themselves, failure diagrams are not new. They 
show the safe limits within which machine parts can be 
tressed when there is not only an average stress but 
1 fluctuating stress superimposed upon it. The author's 
diagram is like others in being a version of the Goodman 
diagram, but with this difference—its quadrilateral safety 
area more closely approximates actual conditions, than 
do the conventional triangular diagrams. ‘The added area 
gives more leeway for design. 


TYPES OF VARYING STRESSES 


When the stress at the critical section is completely 
reversing (see curve on this page), the amplitude is 
called the range stress, s,.. This case is quite simple. The 
fatigue or endurance-limit stress, s., governs the design; 
and if stress concentration is taken into account, then 
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FS 8e/ksy 
where FS is the factor of safety, and k is the fatigue stress 
concentration factor for the cross-section under considera- 
tion. 

Ihe case where stress fluctuates but is not completely 
reversing, is more complex. The stress can be divided into 
in average component s, and a range component s, such 
that maximum stress is s, +S, and minimum stress 1s 
Ss Sere 

Relative magnitudes of s, and s, vary over wide limits 
If s, = 0, then failure occurs at the endurance stress 5., 
as for the previous case). If s, = 0, then static condi 
tions prevail and failure takes place at the static ultimate 
stress Sy. If both s, and s, exist, then a failure diagram is 
necessary to determine how far you are from the pos- 
sibility of failure. 


FAILURE DIAGRAMS 


If a part is subjected to both static and dynamic con 
ditions, test results will allow plotting a “line of failure” 
that indicates the combination of stresses that can be 
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Stress Here 


Is Fluctuating (but not reversing) 


— 


Stress —> 








Time —» 








safely employed. For example, in the failure diagram 
above, if a dynamic stress, ks,, occurs from fluctuating 
loads, then the line of failure can be used to find the 
static stress, s,, that will cause the part to rupture. This 
stress is lower than the yield stress, s,. 

However, data for such lines of failure are unavailable 
and it is customary to use a more conservative boundary, 
such as a straight line from s, to s, which gives a triangular 
safety area. The author’s failure diagram is different: It 
uses the intersection of the s,—s, and s.— s, lines to 
increase the area. This brings the end points (the ulti 
mate stress (s, for static conditions, and the yield stress s, 
for dynamic) into the picture. A point which lies beneath 
this boundary (in the colored area) is considered safe for 
continuous operation. 

Stresses are plotted on the diagram as coordinates; 
average stresses horizontally, and range stresses vertically 
Stress concentration factors are applied to range stresses 
only. 

Sometimes the part has a preload stress s,, or this may 
be some residual stress upon which the working stresses 
are superimposed. The value for s., being constant, is 
plotted horizontally and used as a new starting point 


FACTORS OF SAFETY 


Point QO represents a loading consisting of initial or 
residual tension stress s, and working stresses s, and ks,. 
Should each of working stresses s, and ks, be doubled 
while s, remains unchanged, point Q will move to QO’. 
Further increase in the working stresses causes O eventu 
ally to reach R which is considered the limiting stress 
value. 

The factor of safety is no longer easily evident but 
represents the ratio of the limiting stress to the working 
stress. It is thus equal to the ratio of O’R to O’Q; or if a 
line is drawn from point O parallel to the limit line be 
tween s, and s,, then the factor of safety is also equal to 
the ratio of O'] to OH. 

By taking a proportion of corresponding sides of similar 
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Failure Diagram Gives Safe 
Stress Ratios: Dynamic to Static Stress 





Added satety oreo 





a 
” 
5 \ Line of failure 
= from tests 
c 
°o 
Oo 
4 
i= 
o 
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é ~\ 
i. ~ 
~ 
\ 
ar yn s 
> 
Sy Sy 
Static conditions sq 
triangles it is seen that 
VH ks,.8y/8 = Bs, 
where 
B ksy/8 (1 


Then, using the ratio O’]/O’H for factor of safety gives 

FS s, + Bs, ‘ 
‘his equation holds true only if line O'Q intersects the 
sD) segment. 


SAMPLE PROBLEMS—CANTILEVER SPRING 


A cantilever spring has a constant initial deflection 
which causes a bending stress of 20,000 psi at the support 
‘here is also a fatigue stress concentration factor at the 
support of k= 1.5. Dimensions of the spring are such 
that one inch of deflection at the end causes a stress of 
10,000 psi at the support. The material is heat-treated 
steel with s, = 100,000 psi, s, = 80,000 psi, s, = 50,000 
psi. 

Find the factors of safety for three typical loadings, 
illustrated in diagram above, 
fluctuates as follows: 


in which the cantilever end 


Case 1: Between plus and minus one inch each way 
from the initial position 


Case 2: From the initial position to a point 2 in. be 
low the initial position. 


Case 3: Between points located 1.5 in. and 3.5 in. below 
the initial position. 
SOLUTION: 

From Eq (1 


R ~ 100,000 
j 50,000 F ‘ 
From Eq 
: 80,000 
FS i 


8, + 3s, 
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SAMPLE PROBLEM .. . 









/nitial position 











Case 3 





Now, substituting values for s, and s, into Eq (4), fac- 
tors of safety for the three loading conditions are obtained 
as follows 


Case 1: 8, =0 


. 8; = 10,000 psi 
80,000 


"5 = 30,000 


= 2.67 


Case 2: 8, = 10,000 psi 


8 = 10,000 psi 


80,000 
"S$ = , = 2.00 
, 10,000 + 30,000 
Case 3: 8& = 25,000 psi s, = 10,000 psi 
FS = 80,000 = 1.45 


25,000 + 30,000 


The stresses and other data are plotted in the failure 
diagram at top of this page. 











Static conditions ‘y 











Another way .. . 
to plot failure diagrams—where loading may be either in com- 
pression or tension. 
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. . » AND THE FAILURE DIAGRAM 
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Cantilever spring . . . 

deflected under constant load is shown subjected to three 
typical cases of fluctuating loads, with stresses and other data 
plotted at the right. Safety factors are worked out in the text. 


SHEAR STRESSES 
Che failure-diagram method and Eq (1) and (2) apply 
equally well to shear stresses. It is merely necessary to re- 
place the normal stresses by the corresponding shear 
stresses. However, in calculating the value of B, it is also 
necessary, because of lack of experimental data, to assum« 
that: 


where s,, is the ultimate and s,. the endurance limit 


stresses in shear. 


WHEN AVERAGE STRESS IS COMPRESSION 

Less agreement exists as to what the correct form of 
the failure diagram should be to the left of the origin 
when average stress is compression. Extensive testing 
has indicated the diagram does not drop off as rapidly for 
increasing average compression as it does for increasing 
average tension. 

Several different forms for the diagrams to the left of 
the origin have been proposed. One assumes a horizontal 
limit on the endurance limit stress. Diagram at bottom 
of this page goes along with the theory that a residual 
surface stress of compression, such as may be caused 
by the machining operation, is actually beneficial because 
it increases the capacity of the part to sustain fatigue 
loads. 


REPRINT of this article can be obtained for your reference file by 
checking No. E68 on one of the Reader Service cards found in 
this issue. For other reprints available see “Current Reprints” 
listing in this issue on page 137. 


EDITOR’S NOTE: Need for streamlining and lighter-weight parts 
has been encouraging design engineers to make full use of the 
potentialities of a metal. In addition to the above discussion of 
failure diagrams, two other recent articles will make this 
reevaluation easier: 

“7 Closer Looks at Metal Properties,” Oct 27 ‘58, p 48, 
discusses strain rates, biaxial stresses, transverse properties, sur- 
face defects; and compressive, fatigue and tear strengths. 

“Tap the Reserve Strength in Metal Parts,” Sept 29 ‘58, p 44, 
tells why aircraft design has been going beyond the yield 
strength of the material and getting away with it. 
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better living with stainless steel 


Now, at leading stores everywhere, you will see gleaming, carefree 
stainless steel in many new displays. New stainless cookware, flatware, 
tableware, ovens, hot plates, appliances and other beautiful things to 
make your home brighter, your living easier. Shop your favorite store 


and you will realize there is no substitute for stainless steel for homes 





and home products. 


Mc LouTtH STAINLESS 


H 


GH QU ALIT 'Y SHEET A N D ST RI 


for homes and home products 


McLoutyn Steet CorporatioN pwertroit, MICHIGAN 


MANUFACTURERS OF STAINLESS AND CARBON STEéEets 
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Sealed GUIDEROL minimizes 
torque in ACF ‘“Piggy-Back” 
trailer hitch 









McGILL Sealed 
GUIDEROL 
ings meet the re- 


bear- 


quirements of a 
high capacity nee- 
dle bearing for 
small radial space, 
having adequate seals to prevent entry of 
foreign materials and loss of lubricant in 
this exposed application. The bearings, in 
the elevating arms, minimize the amount of 
torque required to elevate the trailer hitch 
and jack the trailer off the car floor. The 
hitch, manufactured by American Car and 
Foundry Division of ACF Industries Incor- 
porated, is a tiedown and cushioning unit 
for semi-truck trailers on flat car (Piggy- 
back) use. Although speeds are low, loads 
20,000 Ibs. 
Grease relubrication when desired is ap- 
plied through the shaft to the inner race of 
the bearing. 


are as high as per bearing. 


es « 


engineered electrical products 





McGILL MANUFACTURING COMPANY, INC., BEARING DIV., 201 N. LAFAYETTE ST 
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McGILL sealed GUIDEROL 
bearings preserve high 
capacity performance of 
needle bearing applications 


Lip type contact seals built into GUIDEROL bearings insure longer life 
for their high capacity performance in limited radial space. It’s simpler 
and less costly to apply these sealed bearings than build in auxiliary 
seals that increase bearing width and housing requirements. 
GUIDEROL bearings, including the sealed series, are precision built 
and combine the inherent high capacity of full complement roller bear- 
ings with the control of center guided rollers. This recommends the 
bearing for applications too heavily loaded for retainer type bearings, 
but where shaft deflection and misalignment prevents the use of ordinary 
full type roller bearings. 


Seals keep contamination out and lubrication in. This assures trouble 
free performance where maintenance is costly or impractical. 





“Trouble-free” performance of automatic pinsetter 
called for Sealed GUIDEROL bearings 


Prelubricated and Sealed GUIDEROL bearings are used in two applications 
in BRUNSWICK AUTOMATIC PINSETTERS; on the Rake Crank Lever 
Assembly and on the Jogger Arm Assembly. The photo shows the location 
of the sealed GUIDEROL Rake Crank Lever application in the “‘mechanical 
brain” of the machine. The sealed GUIDEROL bearings help keep the 
“brain” highly efficient, with a minimum of maintenance. In the Rake 
Crank they are not relubricated and operate indefinitely on retained lubri- 
cant. Effective seals keep out dirt and foreign matter. 


oor or oe —— 


New mower design takes high cutting loads 
on Sealed GUIDEROL bearings 


These unusual field mowers manufactured 
by Kosch Mfg. Co. use two seven foot cut- 
ting bars for a 14 foot cut with one tractor. ~ 
The second bar depends on a %" sealed 
GUIDEROL bearing to carry up to 7000 
pound loads produced in the connecting 
drive for the reciprocating knife. 
sleeve and lower quality 
needle bearings were discarded 
for sealed GUIDEROL bear- 
ings that have prevented costly 
field breakdowns. 


Earlier 





SEND FOR CATALOG No. 52-A 


ps 4 Ee MULTIROL — GUIDEROL — CAMROL 


precision needle roller bearings 


VALPARAISO, INDIANA 
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ELLIPTICAL AND 
OVAL GEARS 


produced accurately 
and economically 


Wri now, owing to production difficulties, the 
design advantages of oval or elliptical gears 
have rarely been realized. Now Fellows has de- 
veloped a unique method of generating these 
gears rapidly and economically. This new 
method minimizes the difficulty of wide varia- 
tions in backlash experienced with such gears 
cut by previous methods. Full or modified in- 
volute teeth are produced to a higher degree of 
accuracy than was ever possible before on gears 
of this type. Production in any quantity is as 
simple as in cutting conventional cylindrical 
gears, once the setup has been made. 

Fellows Modified 36-Type Gear Shaper gener- 
ates elliptical or oval gears by continuously 
varying the center distance between cutter and 
gear during the cutting operation. A contour 
cam (A) and follower move the saddle the re- 
quired amount in timed relationship with the 
rotation of the eccentric cutter-spindle adapter 
(B) to produce the gear pitch line contour. 


THE 
PRECISION 
LINE 





FELLOWS MODIFIED 
36-TYPE GEAR SHAPER 


In addition to oval and elliptical gears up to a 
maximum pitch diameter of 18”, the Modified 
Fellows 36-Type Gear Shaper can produce a 
remarkable variety of irregular contours at 
high production rates. Two cams, a cutter- 
spindle adapter and a cutter are required for 
each gear or other shape specification. For 
further information, get in touch with any 
Fellows office. 

THE FELLOWS GEAR SHAPER COMPANY 

78 River Street, Springfield, Vermont 

Branch Offices: 

1048 North Woodward Ave., Royal Oak, Mich. 
150 West Pleasant Ave., Maywood, N. J 

5835 West North Avenue, Chicago 39 

6214 West Manchester Ave., Los Angeles 45 
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Gear Production Equipment 


71 





FROM SWITZERLAND: 


O 
UNIVERSAL TABLES 





These design aids are from an article carrying the 









| : 
b _— Center of gravity 
same title, by Huber, that was published in i Arees 
the June 20, 1958 issue of Technische Rundschau. | e Zi 
; a 
Every dimension of a circular segment | d 
or sector can be found from the following ae 
tables. Usual tables, by contrast, are based ; | ‘ 
on a given radius or diameter, which may Examples 1 : 
not be known to begin with. Mr. Huber’s GIVEN: ¢ = 53°, s = 71.4 in. s = 19.77in., b = 20 in. 
a a with other starting points REQUIRED: diameter, i h , 
yg | FACTOR (from Table 2) = i = 0.446 p = b/s = 1.0116 
lable I provides equations from which Kesey does tp nite 
unknown dimensions may be calculated SOLUTION: d = s/i = 160 in. dia h = 57.3bk/o = 13.02 in. 
Table 2 lists numerical values of various In Ex. 2 it is first necessary to find p, from which ¢ and k can then 
factors used in the equations. be found from Table 2. 


TABLE 1—FORMULAS 
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for Circular Segments and Sectors 


TABLE 2—FACTORS 
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rd ‘ 1 . | n p q t u v w x y 
0 0 0 1 r) 0 0 © 
05 0 0044 0 000009 0 00000001 1 970 0.0278 970 7.4 0 0278 7230 9.7 
87 0.000038 0 00000016 1 459 405 459 5.35 405 2460 18.6 17460 
15 0.0137 86 36 1.00005 304 436 304 4.37 436 1330 13.3 10070 
° 2 175 0.000152 82 7 230 520 230 3.78 520 869 11.9 5300 
2.5 218 238 0. 00000117 9 183 598 183 39 598 621 11.0 3210 
3 262 343 298 1.00012 183 648 153 09 648 472 9.89 
3.5 305 466 468 1 131 701 131 2 86 701 375 18 
4 349 609 701 19 115 751 115 68 752 307 8.61 
4.5 393 771 0 0000101 2 102 804 102 52 803 257 18 
5 0.0436 992 138 33 91.7 0 0846 91.6 2.39 0.0846 219 7.75 
° 5.5 480 0.00115 184 39 83.3 889 83.3 28 889 190 41 
6 523 137 238 4% 76.4 928 76.4 19 928 167 10 
6.5 567 161 304 53 70.6 969 70.5 10 969 148 6.83 
7 611 187 380 62 65.5 0.101 65.5 02 0.101 132 59 
7.5 654 214 467 72 61.1 04 61.1 1.96 119 37 
8 698 244 567 81 57.3 08 57.3 89 08 108 17 
6.5 741 275 680 53 9 a 53.9 84 | 99 5.99 
9 785 308 806 1.0010 50.9 14 50 9 73 14 90.9 81 
9.5 828 343 948 48.3 17 48.2 74 17 83 8 66 
(TABLE 2 CONTINUED ON PAGE 75) 
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LET SPAULDING GIVE YOU A HAND WITH YOUR 
TERMINAL BOARD PROBLEMS 


Our 5 Plants 
and 
28 Branch 
Sales Offices 
Serve Every 
Industry 


74 CIRCLE 133 READER SERVICE CARD 


Specially trained Sales Engineers . . . a broad choice of basic materials 
extensive fabricating facilities ... 85 years of experience. These Spaulding assets 
are at your disposal for terminal board material selection, design or production. 

Spaulding’s variety of basic materials provide unique combinations of proper- 
ties to solve any problem in application. They have extremely high dielectric 
strength, low cold flow, good staking qualities, as well as toughness, chemical 
inertness, moisture resistance and dimensional stability. They are available fabri- 
cated to your exact specifications in completely uniform parts and in basic form 
such as sheets, rods and tubes 

Contact Spaulding. A Spaulding Sales Engineer can be at your office in a 
matter of hours with complete data on basic materials, fabricating service and 
engineering assistance. 


SPAULDING FIBRE COMPANY, INC. 


311 WHEELER STREET * TONAWANDA, NEW YORK 
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PACKING 


UPTIME... 


how muc 
is it worth 
to you? _ 


These days, everyone talks about downtime costs. Few consider how much 
uptime is worth—the great majority of time when production runs smoothly. 
How much is uptime worth to you, each hour? $100—$200—$300? 
And how much are you willing to spend each hour for a packing that will 
help keep your pumps and flow lines maintenance free? 1¢ —2¢—5¢? 
That's the kind of money involved when you use a packing like U. S. 
Rainbow®-—first in red sheet packing. Each extra hour of production uptime 
means hundreds of dollars in production, yet those same extra hours of 
packing uptime can be had for just pennies...the difference in cost be- 
tween a quality packing like U.S. Rainbow and ordinary packings. 
Rainbow is designed to pack flanges or other parallel surfaces against 
hot or cold water, air, saturated steam (up to 150 Ibs.) and many other 
hydraulic conditions — and to pack them for longer hours of uptime. 
When you think of rubber, think of your “U.S.” Distributor. He’s your best 


on-the-spot source of technical aid, quick delivery and the finest quality 
industrial rubber products. 


Mechanical Goods Division 


United States Rubber 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


Rockefeller Center, New York 20, N.Y. In Canada: Dominion Rubber Company, Ltd. 
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WITH FAFNIR MINIATURE BALL BEARINGS 
YOU GET ALL FIVE IMPORTANT FEATURES 


VACUUM MELT 440C. Balls and rings of 
Fafnir miniature bearings are made from 
vacuum melt 440C stainless steel. 


ADVANTAGES. Since vacuum melt steel is 
extremely clean, balls and races are 

free from pits and inclusions providing 
better finishes which result in super 
sensitive bearings with low torque values. 








BALANCED DESIGN. Each size 
bearing has its ‘‘tailormade”’ retainer of 
predetermined weight and dimensions. 


ADVANTAGES. Pitch circle of the balls 
is centered between bore and O.D. and 
bearing is symmetrical in design. 








HARDENED RETAINERS. All retainers are 
made of hardened 410 stainless steel. 


ADVANTAGE. Precise hardening, insured 
against brittleness and easy breakage 

by quality control, provides springiness... 
eliminating bending or distortion. 





SWAGED RETAINERS. In manufacture 
retainers are swaged so that ball pockets 
of retainers are ironed outwardly. 


ADVANTAGE. Ball runs against a hardened, 
smooth surface not a rough edge. 





HEAT STABILIZATION. All rings and balls 
are heat stabilized to 600 degrees. 


ADVANTAGE. Standard Fafnir bearings may 
be used for high temperature applications 
as well as regular applications. 


All Fafnir miniature bearing tolerances are to ABEC-7 standards except for the inner ring bores where 











tolerances are +.0000 —.0002 to provide greater flexibility in selective assembly. Bearing balls are 





lapped to 2.5 millionths for sphericity and 5 millionths for size variation. Fafnir Miniature Ball Bearings 











are available in the following types: open; flanged; two shields and flanged two shields. Complete details 








and dimensions in bulletin No. 469. Write for copy. The Fafnir Bearing Company, New Britain, Conn. 


FAFNIR 
= BALL BEARINGS 


Most Complete Line in America 
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SIGNIFICANT COMPONENTS @)’/-G55-1)-\4;5 





Aluminum 


Housing 


Double 
Locks for 


Adjustment 


Quiet pillow-block bearings . . . 
incorporates synthetic rubber cushion between outer ring and pillov 
block housing of bearing to insulate against vibration and to suppr 
Pressure Connection (Port) noise. Units are offered in five shaft sizes from 4 through | in 
Housings are made of a lightweight, ductile material that resist 
Miniature pressure switch ili ih shock and vibration. Price range, about $1.99 to $2.20. Delivery 
is capable of sensing pressure levels of 0.5 to approximately 6 to 8 wk. Hoover Ball and Bearing Co, 5400 State 
4000 psi by changing internal modular compon Rd, Ann Arbor, Mich. 
ents. Eight switches cover pressure span. Exact 
calibration of each assembly is obtained by rotat 
ing external pressure setting adjustment, which 
is then locked by two setscrews. Assembly is 
said to be resistant to corrosive operating media 


Circle 4, Reader Service Card 


Moving parts are in aluminum housing. Weighs , BUTTON ASSEMBLY SNAPS OUT OF SWITCH 
6 oz. Optional mounting bracket provides vibra — PRG FREY GF PRIEL. FOR RE ~LANeNG. 
tion isolation up to 2000 cps and 50 g. Priced 
from $1 to $60, depending upon specifications . 
Delivery, 4 to 6 wk. Haydon Switch Inc, Water- ’ : OPTIONAL 
bury 20, Conn. i 
Circle 1, Reader Service Card 
KEYING AND 
REMOVAL SLOT 
Zinc-rich paint .. . 
ere paw ele ; BULB HOLDER ~* 
contains from 92 to 95% zinc meta} after ; 
CLEAR PLASTIC BUTTON 
drying, providing protection said to be com oe | 
NOMENCLATURE PLATE ~™ J 
parable to hot-dip galvanizing. An English prod ALAS PLATE 


ry 


- e 
window a. 


uct, the paint is used to provide corrosion BEZEL CLIP 


resistance. Can be applied over wet surfaces and 
is available in several different formulations 


Double-lighted pushbutton . . . 
$16.40 per gal. From stock. Bart Mfg Corp, can be re-lamped from front of panel. ‘Two alternate 
Belleville, NJ. simultaneous switches permit monitoring of up te 
I'wo bulbs can be of different colors and can each indicate 


functions by using steady or flashing light. Optional baffle px 


Surface temperature probe lighting half of button. No. 327, 28-v bulbs ar 
. - ; ohio lent or common circuits for bulbs and sw 
for measurement of skin and gas temperatures meee gare rng = is 
has a sensor of pure platinum wire having 500 7 : + 30 ; tact 
. ae ; 250 v ac; 3 amp at 30 v dc inductive and ( 
ohm resistance at 32 F. yx-in. Inconel-sheathed = " of 
resistive Square modular unit mounts in § in 
lead, between flexible cable and probe, can be 
bent to almost any desired shape. Standard up no barriers and any number of units mount sid 
¢ 0 OS < \ CSITC Stle 4 ‘ < 
. hole. Mechanic: terlocking is for master reset 
per limit of 1400 F can be raised to 2012 F for ol \ - caps - = 2 ~ apacigpisite 
o s ce, Do >>. I g Oo 
many applications. $163 each, 1 to 10 units C : ois Wi : St “einen 90 ‘ 
pe ae ad ‘orp, 42 ake St, icago 24. 
Delivery, around 30 days. Rosemount Engineer- hii -_ a eet & Oecitin @ a 
. “dite 7 c ° ° ir e r Service Care 
ing Co, 4900 W 78th St, Minneapolis 24. a _ 


Circle 3, Reader Service Card ; CONTINUED ON PAGE 80 


Circle 2, Reader Service Card 


SPDT switches with wire lead termination ar 


pecihcati Electrosnap 
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SIGNIFICANT COMPONENTS e 


MATERIALS @ 


PROCESSES 


continued 





Potentiometer .. . 

uses conductive plastic for track. Rotating 
at 2000 rpm in a continuing test, unit is 
said to have gone to 100 million revolu- 
tions with no measurable change in lin- 
earity or noise, near-infinite resolution 
and 5% change in total resistance. Re- 
liability is claimed to be 1000 to 3000 
times greater than that of a wire-wound 
potentiometer based on number of wire 
turns alone. Insulating material, conduc- 
tive track and silver leads to terminals are 
molded into a single element. Linearities 
of 0.05% are said to have been achieved. 
Resistance values range from 50 ohm to 10 
megohm. Wiper force can be set to any 
value to 100 gm without excessively re- 
ducing life of instrument. Because voltage 
gradient is low, electrical characteristics 
remain fixed over long periods of rotational 
life. Delivery, 45 to 60 days. New Eng- 
land Instrument Co, 320 Main St, Woon- 
socket, RI. 


Circle 6, Reader Service Card 


Predetermined counter . . . 
operates at speeds to 1000 impulses per 
min. under severe conditions of vibration, 
shock, heat, cold, dust and humidity. En- 
closed in heavy steel cabinet, outer hous- 
ing may be removed for panel mounting. 
Unit counts electromagnetically and may 
be actuated by any type of SPST switching 
device. Operator sets actual count desired 
by selector switches. Automatically recy- 
cles to zero after each completed count 
cycle. Count remains when power is re- 
moved and resumes from same point when 
power is restored. Offered in three models 
with selectivity of 1 to 100, 1 to 1000 or 
| to 10,000. Min operating life is said to 
be 200 million counting operations. Hob- 
son Miller Machinery Corp, 280 Lafayette 
St, New York 12. 

Circle 7, Reader Service Card 


Micro-current control . . . 

is transistor-equipped for such operations 
as switching, detecting, locating and count- 
ing. Amperage of 50 microamp is ampli- 
fied to operate a standard 5-amp control 
telay. Detection of small, light, metal 
parts requires only contact with unit’s 
sensitive point. Several points can be used 
to check for proper shape or position. 
Control can detect up to 1500 parts per 


80 


min. Probe has no moving parts, requiring 
contact with grounded object to complete 
circuit. Assembly may be spring loaded. 
}-in. dia probe can be placed in die to 
check proper placement of blank. Up to 
eight probes, in series, may be used with 
one control unit. Accuracy of +0.0001 
in. is said to be possible in location of a 
part or member. Operates on 117 v, 60 
cps power. Security Controls Inc, 503 
Franklin St, Buffalo 2. 

Circle 8, Reader Service Card 


Electrical safety lock .. . 
works like a split transformer. When two 
halves of lock are together and current is 
switched on, two compatible electrical 
fields are generated. Lock is virtually un- 
breakable as long as current remains on. 
Contains own power supply and operates 
from 110 v ac. Measures 4 x 4 x 9 in. 
Delivery, 1 month. Made in England. 
Lindly & Co, 248 Herricks Rd, Mineola, 
NY. 


Circle 9, Reader Service Card 


“Hanging” switch . . . 
is actuated when object pulls down hook- 
shaped handle. Available with two types 
of mounting: threaded through holes or by 
means of a bracket on panel behind switch. 
Contacts rated at 3 amp, 120 v ac. Switch- 
craft, 5555 N Elston Ave, Chicago 30. 
Circle 10, Reader Service Card 


Synchronous timing motors... 
for 25, 50 or 60 cps operation in five 
standard voltage ratings are % in. thick, but 
are said to have available torque equivalent 
to thicker motors. Design has eliminated 
need for mechanical devices to control di- 
rection of rotation of the motor. Over 125 
standard output speeds from 300 to 1 rpm 


in 6 hr can be supplied with standard or 
heavy-duty gear trains. Motor has nominal 
30 in.-oz running torque at 1 rpm. Meets 
significant requirements of MIL-E-5272A. 
A W Haydon Co, Waterbury, Conn. 


Circle 11, Reader Service Card 


Aluminum-foam panel .. . 
can be composed of foam made of ex- 
panded polystyrene beads and a number of 
alternate facing materials: plywood, hard- 
board, asbestos board, plastic laminates. 
Aluminum skin can be textured, formed or 
integrally colored. Core density may be 
varied, from 1.5 to 4 lb per ft, with higher 
densities providing greater mechanical 
strength. Not recommended for applica- 
tions where sustained temperatures are 
above 180 F. Thickness ranges from 1 to 
6 , width to 48 in., in unlimited 
lengths. On production basis expected 
later this year, aluminum-faced, 2-inch 
thick panel should cost slightly over $1 
per square foot. Aluminum Co of Amer- 
ica, 1501 Alcoa Bldg, Pittsburgh 19. 


Circle 12, Reader Service Card 


Nylon blower wheels .. . 
for appiication inside housings requiring 
forced-air ventilation are made in 2 and 3 
in. dia. Torrington Mfg Co, Torrington, 
Conn. 

Circle 13, Reader Service Card 


Adjustable relay . . . 
provides time delay between operation 
of control circuit and subsequent transfer 


of one or two load switches. External 


. . » CONTINUED ON PAGE 82 


PRODUCT ENGINEERING + February 16, 1959 








12.000 
LD 


NOTE WIRE 
RETAINER 4 


Save weight and space with world’s thinnest radial 


ball bearings-Crhe-\ Ge by Kaydon 


. «now catried in stock in 4’ to 12” bores 


ERE it is! A Reali-Slim radial ball bearing with a wire 
separator that has just short of a full complement of 
balls for maximum capacity. What’s more, you still get all 
the advantages of a separator between the balls. This design 
also gives you a bearing that’s light-in-weight and is, without 
a question, the thinnest bearing ever built in this diameter. 
Whatever your product design, there’s a small or large 
diameter Reali-Slim bearing that can be the right answer 
to your thin-section bearing problems. 
The radial ball bearing, illustrated here, is really slim — 
12.000” 1.D., 12.500” O.D., .250” thick . . . and weighs only 


. KAYDON 


——_______ MUSK EGON-e+MICHIGAN 


eight ounces. It has 9,810 lbs. static load capacity, 1,256 
Ibs. at 100 rpm. Kaydon is able to produce Reali-Slim, high- 
precision bearings because Kaydon specializes in the unusual. 
Kaydon bearing engineers are prepared to give you valu- 
able help with technical, thin-section bearing problems. 
For detailed information on Kaydon’s Reali-Slim line, 
ask for engineering catalog No. 54-RS3 detailing: 


Reali-Slim Ball Bearings — Conrad, angular 
contact and 4-point contact types in seven 
standard cross sections from 4” to 1.000” and 
in bore diameters from 4” to 40”. 


Reali-Slim Roller Bearings — Radial and 
taper roller types in cross sections from %»" 
and in bore diameters from 5” to 40”. 


ENGINEERING 


All types of ball and roller bearings — 4” bore to 178” outside diameter... 
Taper Roller « Roller Thrust ¢ Roller Radial « Needle Roller « Ball Radial ¢ Ball Thrust Bearings 
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ONE OF THE GARLOCK 2,000 





GARLOCK Mechanical Seals 


—self-contained for easy 
installation, less downtime 


. Stationary Seat {ovenh, Ni 


Resist, or bronze as precision 
lapped sealing face for perfect con- 
tact with carbon ring. 


. Vibration Ring of Buna-N posi- 


tions stationary seal in a flexible 
mounting and acts as static seal. 


» Seal Ring of carbon is also pre- 


cisely lapped to match sealing face 
of stalionary seal 


. Roll type Bellows permils free 


movement of seal ring. 


» Shell, encases entire rotary unil 


and furnishes mechanical drive 
for seal ring 


+ Stainless Steel Spring with 


load precisely calculated to face 
area of seal. 


» Stop Collar, or shoulder, posi- 


lions seal to specified operating 
length. 
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Garlock’s PK Mecnuanipak* is designed to 
avoid excessive downtime. Self-contained, 
it can be installed simply and quickly, and 
eliminates adjustment during operation. 
Seal life is equal to many sets of conven- 
tional packings. Check these additional 
advantages: 


Leak-proof sealing. Sealing faces of 
rotating and stationary parts are precision 
lapped for perfect contact, thus preventing 
leakage. 


Elimination of shaft wear. No parts of 
the seal move on the shaft or sleeve, thus 
removing the danger of scoring or wear. 


Maximum operating conditions are 212° F 
temperature, 150 psi pressure, 2000 fpm 


shaft speed. Available in shaft sizes from 34” to 3”, PK Mecuanipak Seals 
are another of the Garlock 2,000 . . . two thousand different styles of packings, 
gaskets, and seals for every need. Find out more by talking with your local 
Garlock representative, or write for Catalog AD-150. 


Registered Trade Mark 


THE GARLOCK PACKING COMPANY, Palmyra, N.Y. 


FOR PROMPT SERVICE, contact one of our 30 sales 
offices and warehouses throughout the U.S. and Canada, 


Grarnnrocx 








Packings, Gaskets, Oil Seals, Mechanical Seals, 
Molded and Extruded Rubber, Plastic Products 
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CANADIAN DIVISION: The Garlock Packing Co. of Canada Ltd, 
PLASTICS DIVISION: United States Gasket Company 


82 


New Parts and Materials...... continued 


wiring connections make possible applica 
tion flexibility. Time delay ranges from 
15 sec to 24 hr. Adjustment range 
from about 10 to 100% of full scale. 
Repeat accuracy within 2%, reset time 
approximately 4 sec. Switch ratings, 10 
amp, 125 v or 5 amp, 250 v ac, resistive 
load. Motor and clutch ratings 115 and 
220 v, 25, 50 and 60 cps. Cramer Con- 
trols Corp, Centerbrook, Conn. 

Circle 14, Reader Service Card 


High-speed counter . . . 
counts by interrupted or reflected light 
beam at a rate of 1500 per min. Embodies 
a 6-digit plug-in counter with life of over 
100,000,000 counts. Replacement counter 
element plugs in, extending instrument life 
indefinitely. Counter resets to zero when 
button is pressed. Photo cell and light 
source are swivel-mounted for installation 
and alignment. Amplifier-counter may be 
remotely mounted. Sensing elements may 
be as far as 10 ft apart without affecting 
counting accuracy of Light 
source is 5 in, long; miniature light source 
Either is available. Sensi 
tivity adjustment is provided in amplifier 
Supply is 115 v ac, 60 cps. Price is $110 
Standard Instrument Corp, 657 Broadway, 
New York City. 

Circle 15, Reader Service Card 


instrument 


is 2} in. long 





Interchangeable sprocket . . . 
assembly can consist of over 600 possible 
pitch, teeth and bore-size combinations. 
Interchangeable plates and hubs are as 
sembled without any reworking; complete 
with standard keyway and setscrew. Whit- 
ney Chain Co, Hartford, Conn. 

Circle 16, Reader Service Card 


Pin-cage centrifugal clutch... 
is governed by speed of prime mover and 
centrifugal force developed. Clutch is 
recommended if highly efficient low-slip 
ratio is necessary when a high load factor 
exists. Because of positive camming action 
between shoes and drive pins, load is said 
to engage almost immediately. This con 


(Continued on page 86) 
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Miniature Directional Signal. A 
foraging bee brings home one drop of 
like 
bloodhounds, and from the scent know just 


nectar. His fellow workers sniff it 
where to go for more. This tiny droplet is 
nature's miracle for keeping bees on the 


beam. 





Miniature Selector Switch. Mis- 
siles stay on course when controlled by 
complex selector switch. Two MPB bear- 
ings on its shaft make frictional torque 
practically negligible, keep total weight 
down to .42 ounce. It's a man-miracle in 


miniaturization. 








Man With Miracies. This is Hank 
Eckert, one of MPB’s Sales Engineers. He 
helped the selector switch people find ex- 
actly the right type of MPB radial retainer 
bearing to hold friction to a minimum, give 
dependable service and assure operating 


precision. 


Designers’ dream world © Miracles in Miniaturization 


New Miractes. Today's industrial 
scientists are pioneering a whole new 
world of man-made miniaturization. With 
MPB miniature bearings and experience it 
is a wide, wide world on a tiny scale. 
For in miniaturization, bearings ore one 


of the most critical considerations. 
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BEARING ACTUAL SIZE 


MPB makes miniature bearings 4%” O.D 
down (specials on request). In stock —over 
500 types and sizes. Consult MPB when 
you are embarking on a miniaturization 
problem and/or write for new MPB catalog 
Miniature Precision Bearings, Inc., 
202 Precision Park, Keene, N. H. 


1959 





VFB 


Helps you perform miracles 
in miniaturization 
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CUT COSTS, IMPROVE DESIGN AND 
PERFORMANCE WITH R/M PRODUCTS 











R/M Vee-Flex Rings seal automatically and will not roll. 


Precision quality 
control means 
you can rely on 
R/M V-rings 
and piston cups 
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Brake Blocks, Linings | Mechanical Packings 
and Clutch Facings 


free booklet. Send for it today. 


Packing Division, Raybestos-Manhattan, Inc. 
Passaic, N.J. 


Re eee 





R/M Vee-Flex Rings give better perform- 
ance and cut maintenance costs. Convex cur- 
vature of the surface which touches next ring 
makes them self-sealing, self-adjusting. Pres- 
sure stroke produces a seal against stuffing 
box wall and adjacent ring. Friction is reduced 
on return stroke. Precision molded and trimmed 
for best possible fit. Fabric is deeply pene- 
trated by compound for longer wear. Use 
them on steam or air rods, hot oil pumps, 
hydraulic rams, outside-packed plunger pumps, 
food handling machinery, accumulator and 
elevator rams on oil or water service. 


Complete information on packings shown and many others is given in 


on 





Pee | 


R/M Fabric Piston Cups are precision molded and cleanly trimmed, 


R/M Fabric Piston Cups provide minimum 
friction, long life, and accurate fit. Molded 
from a variety of rubber synthetics with fabric 
reinforcements to suit your specific require- 
ments. See the big difference: clearly defined 
contours and cleanly trimmed edges—proof of 
strict adherence to industry standard sizes. 
R/M Fabric Piston Cups fit hydraulic and 
pneumatic cylinders ranging in diameter from 
Y, to 12 in. They are produced in varying 
degrees of hardness for pressures up to 1500 
psi and in compounds to meet your specific 
operating conditions. 


The complete R/M line includes packings and gasket sheets for use with gases, water, steam, oil, chemicals, sol- 
vents and food products. Feel free to call on R/M's experienced engineers for help in your packing problems. 


— 





Abrasive and 
Diamond Wheels 


and Gaskets 


wseFagt 2... . 


! | 
F | t 
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DALE SS | 
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Industrial | Industrial and =I Conveyor 
Drive Belts | Automotive Hose | Belts 
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SPECIALISTS IN ASBESTOS, RUBBER, 
SINTERED METAL, ENGINEERED PLASTICS 


Write today for free booklet 
shown: full details on a wide 
variety of industrial rubber 
products. 


Manhattan Rubber Division, 
Raybestos-Manhattan, Inc. 
Passaic, N.J. 








=- Pa 
Homofiex Hose, manufactured by Manhattan Rubber 
Division, is engineered for use on air-driven tools. 


R/M Hose engineered 
for many purposes 


For general use with air, water, gases . . . special types for handling 
oils, acids, chemicals . . . or non-spark, high heat or non-contamin- 
ating construction—R/M has a rubber hose for every application. 

For example, Flexion R/M rubber hose, “Teflon’’* lined, offers 
complete resistance to virtually all chemicals and solvents. A//flex 
is a versatile all-purpose hose for handling fluids and gases—even 
mild chemicals. Homoflex, lightweight and easily handled, is ideal 
for air tools. Super-Master BW Burstproof Steam and Air Hose has 
special wire braid reinforcement for rugged, high pressure service. 

R/M also makes flanged flexible pipe and rubber expansion joints. 
Whether it’s hose, transmission or conveyor belts, V-belts, Poly-V 
Drive® or molded rubber products, depend on R/M’s 60 years of 
leadership in rubber. 





RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. « Bridgeport, Conn « Manheim, Pa. « Paramount, Calif. « No. Charleston, S.C 
Crawfordsville, Ind. « Neenah, Wis. « Peterborough, Ontario, Canada 





Rubber Lined and 
Covered Equipment 


Sintered Metal 
Friction Elements 


Asbestos 
Textiles 


Industrial 
Adhesives 


- 
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Teflon Tape, Packings, 
Sheets, Rods, Tubes 


Write for free booklet, which 
provides valuable information 
on a variety of R/M plastic 
products. 

Plastic Products Division, Ray- 
bestos-Manhattan, Inc. 
Manheim, Pa. 








“Teflon” diaphragms protect Salk vaccine from 
contamination during long manufacturing process. 


R/M “Teflon” Valve Diaphragms 
protect purity of polio vaccine 


Salk polio vaccine must be kept absolutely pure and sterile during 
the 130 days needed to manufacture and test it. To help guard 
against contamination, valves are sealed with thin, long-lasting 
diaphragms of “Teflon,” developed by Raybestos-Manhattan 
“Teflon” is ideally suited for this exacting application. It is strong, 
flexible, chemically inert, easily sterilized, and well able to withstand 
the required temperatures, ranging from 5 to 150°C. 

Many other R/M “Teflon”’ products are also at work for aviation, 
missile, electrical and electronic industries. Among these are flexible 
thin-wall tubing (plain or covered); tape; custom-machined parts; 
rods and gaskets; expansion joints and flexible couplings; bondable 
“Teflon” sheet and other products. Raylon, an R/M mechanical 
grade of “Teflon,” has many of the characteristics of virgin “Teflon.” 


*A Du Pont trademark 





| 
| 
! 
I 
| 
! 
| 
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Engineered Molded 
Rubber and Plastics 
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<< po YOU Have. a 


j \ 


-() Power Transmission 


/, 


PROBLEM? 












Acme Roller Chain Drives are inher- 
ently dependable for efficient and 
economical transmission of power. In 
contrast with other types of power 
transmission media, roller chain drives 
have the following advantages. 





r 
' No. 25 Actual Size ' 
| Pitch 1/4” Width 1/8” =, 
= 


POSITIVENESS 


The driven sprocket turns at a speed ; 
that is exactly proportionate to the 
speed of the driver sprocket. They op- 
erate without slippage or creep, and 
are unaffected by most atmospheric 
conditions. 






































| _ No. 35 Actual Size 
‘ , Fae 3/8” Width 3/16"; 


EFFICIENCY 


Acme Chain Drives deliver over 98% 
of the power furnished by the driving 
sprocket to the driven sprocket. There j 
is practically no loss in the ratio of | 


RI Ete OP 





1 No. 41 Actual Size : 
7 Pitch 1/2” Width 1/4” ' 


energy between driving and driven 
members. Compare this efficiency with 





. 
other types of power transmissions. i 
ECONOMY 

The initial cost of Acme Chain Drives : 


is comparable and in many instances 

less than other types of power trans- 

mission and life expectancy is longer. 
Power consumption is less when 

you use ACME ROLLER CHAINS. : 

When necessary, repairs can be quick- 

ly effected with standard repair parts. 


rt em nm ee ee ewer ee 


: No. 40 Actual Size 
+ Pitch 1/2” Width 5/16” 





Be sure you ask for ACME Roller 
Chains. Available nationally through 
your local Industrial Distributor. > 





oe os oe 


' No. 50 Actual Size 


i Pitch 5/8” Width 3/8” 


Write Dept. |-C for new 
100-page illustrated catalog, 
including new engineering 
section showing 36 methods 
of chain adjustments. 


Complete line of 
A.S.A. STANDARD 
ROLLER CHAINS 
available from 
V4" to 21/2" 
Pitch 









Complete line of stock bore, 
steel and cast iron single 
sprockets, cast iron hub 
sprockets and all steel split 
or solid hub sprockets avail- 
able; also large selection of 
finished bore sprockets. 


Call ACME 


for Service 


HOLYOKE 


MASSACHUSETTS 


COMPLETE LINE OF ROLLER CHAINS AND SPROCKETS « DOUBLE PITCH CON- 
VEYOR CHAINS * STAINLESS STEEL CHAINS * CABLE CHAINS * FLEXIBLE 
COUPLINGS « STANDARD AND SPECIAL ATTACHMENTS 
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New Parts and Materials continued 





dition permits maximum torque transmis 
sion at the lower operating speeds of the 
prime mover. Available in from 1 to 30 
lb-ft capacities, at 1200 to 3600 rpm, 
with 3, 34, and 44 in. OD, 7/16 to 1 in. 
dia bore. Fairbanks, Morse & Co, Beloit, 
Wis. 

Circle 17, Reader Service Card 


Pressure regulator. . . 
pilot reduces and regulates pressure of 
steam, air, gases and liquids within frac 
tions of a pound. Uses air or water pressure 
20 to 75 psi) to actuate control valve, 
and can be used with single and double 
seat valves, 4 to 12 in. inclusive. Applica- 
tions include maintenance of constant re- 
duced pressure in equipment-heating sys- 
tems, to maintain a constant level, or as 
a pump governor. Atlas Valve Co, 280 
South St, Newark 5, NJ. 

Circle 18, Reader Service Card 


o 
* 
, 


Miniature spacer nut... 

is made in counterbore depths from 4 

through % in., in Ys-in. increments. Shims 

are not required, which is said to reduce 

weight and assembly time. Nutt-Shel Co 

Inc, 2701 S Harbor Blvd, Santa Ana, Calif. 
Circle 19, Reader Service Card 


Radial air motors .. . 

of 5-cyl design have throttle valve control 
that allows instant starts and stops, un 
limited reversibility, and infinitely variable 
Repeated overloads or stalls can 
not harm these motors. They operate safely 
in explosive, 


speeds 


damp, hot or corrosive at 
mospheres. Ratings range from 114 to 20 
hp at 90 psi. Direct-drive models turn 
(Continued on page 90) 
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How White Trucks employ dual-lip 
National seal to protect axle pinion assembly 


The use by the White Motor Com- 
pany of a National 15,000 series 
oil seal in their 189C Single Reduc- 
tion Rear Axle is a skillful employ- 
ment of a standard-design seal to 
attain dependable and economical 
sealing. 


Conditions at the sealing point 
are: S.A.E. 90 gear oil to be re- 
tained, dirt and water to be exclud- 
ed, temperatures —20° to 180° F 
with normal operation at 150° F, 
maximum shaft speed 3,500 rpm, 
eccentricity and runout .002, 
shaft diameter 254”, 15 RMS fin- 
ish. Operation is of course inter- 
mittent with servicing conditions 
generally good. 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California; 


Plants: Van Wert, Ohio, Downey and Redwood City, California 


Rather than two seals to respec- 
tively retain lubricant and exclude 
foreign matter, White engineers 
specified National 15004, a dual- 
lip Micro-Torc leather and felt seal 
wherein the leather sealing lip is 
spring-tensioned and faces inward 
to retain gear oil and the other felt 
lip is a wiper excluding dirt and 
dust. 


National 15004 is but one of 2,500 
different standard design seals Na- 
tional provides. For complete in- 
formation on leather, synthetic 
rubber or other seals, call your 
National Applications Engineer. 
Look under Oil Seals, in the Yel- 
low Pages. 





PRODUCT ENGINEERING * February 16, 1959 





Before specifying seals, 
consider all these points! 


Shaft RPM, Runout, Endplay 
Is seal rated at or above 
anticipated operating extremes? 


Temperature, Lubricant Types 
Will heat or special-purpose 
lubricants attack sealing lip 
material? 


Presence of Dirt, Foreign Matter 


Point often overlooked. Should 
dual-lip or double seal be used? 


Cost Related to Seal Design 
Will a simpler, cheaper seal do as 
good a job as a more sophisticated 
design? 


New Seals and Material Available 
Are there new materials or 
compounds which can do the job 
better? 


Special Design Oil Seals 

Not all problems can be met with 
stock seals. Is special factory design 
indicated to meet special problems? 


Delivery, Reputation 
Is my proposed resource noted for 
good delivery, uniform quality and 
good follow-up service? 


Don’t specify “blind.” Your National 
Seal Applications Engineer has 
up-to-the-minute oil seal 
information. Ask him—before you 
specify. Takes only a phone call; 

no obligation! 


aoe4 
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how much Dust 
can a filter 
collect? 


Microscopic barbs on the live fibers of 


gS * 
f é a ¢ uses Felt make felt the ideal filtering medium. 


These scales collect and hold dust parti- 


' cles. They also encourage “build-up” or 
WE STER*® om iT: caking which actually increases filter effi- 
ciency. At the same time, their natural 


interlocking action holds fibers tightly 
Such efficiency is possible in a Hersey reverse- together, through years of flexing. 


jet filter with particle size of 5 microns and a For helpful engineering information on filtration 
pressure drop of 14 inch of water. felts, write 


solids from liquids, or solids from gases. It is Dept. M 


used effectively in fuel filters, air filters, 4021-4139 Ogden Ave. 
Chicago 23, lil. 


oll 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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Felt can be used to filter solids from solids, WESTERN 4 


chemical filters, respirators, or dust collectors. 








CERAMICS 






































BENDIX AVIATION CORPORATION SHAFT AND BUSHING ASSEMBLY 


VERY CLOSE TOLERANCES AND CLEARANCES 
ON ASSEMBLY PROVIDE FRICTION FREE ACTION 


Coors Alumina Ceramie is used in 
production quantities by the Bendix 
Aviation Corporation for a shaft and 
bushing assembly that has tolerances as 
close as +0.000015. From one bushing 
to another, Coors holds the diameter to 
+ 0.000050. Between one shaft and an- 
other, Coors holds the diameter to 
+0.000015. On both bushings and 
shafts, taper, camber and roundness of 
individual parts are held to 0.000010 
total. 

Extremely close, match-fit sets of 
this assembly are made by selective fit- 


COORS PORCELAIN 
COMPANY 


Manufacturers of High Strength Alumine Ceromica 


GOLDEN, COLORADO 





ting. Finishing within a few millionths is 
required to provide proper fits—exact 
clearance must be withheld. 

These very tolerances and 
clearances provide friction free action 
between the shaft and bushing. This, 
combined with the hardness and chemi- 
cal inertness of the alumina ceramic, 
gives the assemblies long, trouble free 
service. 

Guaranteed precision on a produc- 
tion basis permits the engineer to use 
Coors ceramics in applications where 
the physical properties of metals and 


close 


—————_———— — 


GOORS PORCELAIN CO., @* 91h 51, Golden, Colo. 


plastics are unacceptable. Tolerances 
and finishes which can be obtained by 
Coors are: 
Diametrical within 0.000030” total 
Taper 0.000010” per inch of length’. 
Camber 0.000010” per inch of length* 
Out-of-roundness 0.000010”, 
Surface than 1 light band, 
Equivalent surface finish — 

3 to 4 £.m.s. microinch., 
*(in lengths up to 3 inches 


flatness — less 


For a complete description of phy- 
sical properties of Coors High Alumina 
Ceramics, write for Bulletin 1055A. 


Please send me detailed Bulietin 1055A on Coors High Strength 
Alumina Ceratnics and Coors manufacturing facilities. 
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Twist ‘em! Bend ‘em! Wrap 'em around! 
They're built to take it. . . and LAST! 


Because they're thin, flexible, and can be 
molded in any single plane shape, new WAT- 
LOW Flexible Silicone Rubber Heaters are the 
ultimate in versatility . . . applicable wherever 
heat up to 450°F. is needed. 


ADAPTABLE TO ANY APPLICATION 
Can be bonded to any surface to which rubber will 


adhere. Aluminum backing also available for unusual 
attachments. 


A SHAPE FOR EVERY NEED 


Round,, square, long, short, with or without inside 
die-cuts — you name it and Watlow will make it. 


LEAD WIRES WHEREVER YOU WANT THEM 


Teflon-insulated, or any other, can be had from any 
edge or surface of heater. 


DEPENDABLE HEAT 


Finely wound nickel-chromium resistance wires are 
embedded in durable silicone rubber that’s reinforced 
with fiberglass. It will last and last, and is waterproof, too! 


WRITE for Illustrated Literature 


Manufacturers of all types of electric heating units: 
Immersion @ Cartridge @ Cylindrical @ Tubular @ Strip 


WATLOW 


ELECTRIC MANUFACTURING CO. 
, 1392 Ferguson Ave., St. Louis 14, Mo. 


Mfd. by Watlow Electric Co. of California, a subsidiary 
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New Parts and Materials. .... . continued 


at 400 to 800 rpm at rated hp with stall 
torques from 225 to 162 ft-lb. These 
models are available NEMA D flanged, 
making them interchangeable with electric 
motors having 254UD and 256UD or 
284UD and 286UD frame sizes. Weights: 
230 to 289 Ibs. Geared drive foot-mounted 
models give choice of five gear reduction 
ratios from 4.1:1 to 21.5:1. Joy Mfg Co, 
Oliver Bldg., Pittsburgh 22. 

Circle 20, Reader Service Card 


Alkyd enamel... 
for either interior or exterior service with 
metal, wood or other materials can be 
brushed, sprayed or dip-applied. Can be 
baked or air-dried. Glidden Co, Cleveland, 
Ohio. 

Circle 21, Reader Service Card 





Variable resistor .. . 
measures 0.286 x 0.110-in. depth. Rated 
at 1, w, available in production quantities 
in resistance values of 500 ohm to 10 
megohm in a wide range of tapers. Rota 
tional life is said to be 25,000 cycles min. 
Centralab, 900 E Keefe Ave, Milwaukee 1. 
Circle 22, Reader Service Card 





Heavy-duty diesel engines... 
provide two-state controlled turbulence 
combustion. Initial swirl turbulence is pro- 
duced on intake stroke when inrushing air 
is directed by positively located masks on 
twin intake valves. Second state turbu- 

(Continued on page 94) 
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Quality in stainless steel starts in the melt shop, where Industry Standards are 
met — or missed. 


1 out of every 7 tons of stainless used in the last 15 years came from the melt shop 
of J&L’s Stainless and Strip Division. To achieve that remarkable record as a 
supplier of semi-finished products, J&L set up its own standards and specifications 
— far more exact, more precise, more rigid than those in general use. Today J&L 
leads the industry in melting practice standards—the point where quality starts. 
Chances are 1 out of 7 you have already enjoyed J&L quality in stainless, without 
knowing its melt shop origin. Now you can eliminate chance! Newly installed 
cold rolling and finishing equipment in operation at Louisville, Ohio, makes J&L 


the most modern integrated source for finished mill products —stainless sheet, strip, 
bar and wire. All of traditional J&L stainless quality. 


On your next stainless steel order specify “J&L Consistent Quality.” Don’t pay 
for less. 


Plants and Service Centers: 


Los Angeles * Kenilworth (N. J.) « Youngstown « Louisville (Ohio) + Indianapolis + Detroit 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION 





SeT Ee. 


“PLIGHT OF PROGRESS” 
a stainless steel sculpture by Robert Edward Hamilton 


STAINLESS 


SHEET + STRIP + BAR + WIRE 


e Box 4606, Detroit 34 














| MAGNESIUM 





LIGHTWEIGHT 
DESIGNS 


save more than weight 


Designers reap a rich harvest of additional benefits as a result 
of lightness when they use magnesium. Bonuses such as more 
payload, simplified design, increased performance and reduced 
human exertion. 





People who buy and use the luggage 
pictured above derive a very direct 
benefit from magnesium. As this light- 
weight luggage is made of magnesium, 
it saves human effort and fatigue. Also, 
the reduction of weight means more 
luggage can be carried without extra 
charge when traveling by air. Magne- 
sium saves human exertion in other 
products, such as ladders, power tool 
housings and materials handling equip- 
ment. 

Another example of the many sav- 
ings and extra benefits that magnesium 
—and its resultant load lightening make 
possible for the designer is in the auto- 
motive field. One delivery truck un- 
loads its last parcel and heads for the 
garage and the gas pump. Another, of 
identical size, goes on to deliver many 
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STAINLESS and 


STRIP DIVISION e« 


Box 4606, Detroit 


SIMPLIFIED DESIGN in magnesium aircraft part (right) was made possible by its advantageous stiffness-to-weight ratio. 


more Ibs. of merchandise. Why? The 
second truck is much lighter—its body 
is made entirely of magnesium alloy 
sheet, plate and extrusions. Because 
the second truck is lightweight, it can 
carry more payload. Or, it can carry 
the same payload as the first with less 
fuel, smaller tires and less wear and 
tear on the engine and transmission. 
Lighter trucks also save their owners 
money on license fees, insurance pre- 
miums and over-all maintenance. 

An even more dramatic example is 
that of missile design. In one ballistic 
missile, the elimination of one pound 
of excess weight contributes approxi- 
mately 18,000 feet of additional alti- 
tude and a comparable increase in 
This means vastly improved 
performance wherever magnesium can 
be substituted for heavier materials. 


range! 


22,000 r.p.m. HOUSEHOLD ITEM 


This die cast vacuum cleaner fan must rotate 
at 22,000 r.p.m. and have low starting in- 
ertia as well as high centrifugal strength. 
Only magnesium was able to meet the re- 
quirements of this specific design. Casting 
tolerances are held so closely there is no need 
for balancing. 


MAGNESIUM LIGHTNESS 
INCREASES STRENGTH, STIFFNESS 


The designer who is seeking a stiff 
section can achieve it easily—and still 
save weight—with magnesium alloys. 
Magnesium weighs only 67% as much 
as aluminum, 25% as much 
and zinc. A structure made of magne- 
sium could be 8 times as stiff as the 
same part in steel if designed to equal 
weight. If equal stiffness is the design 
criterion, a magnesium 
weigh 62% less than steel and 
less than aluminum. 

Aircraft manufacturers have learned 
to exploit these facts to the fullest in 
conserving precious airborne weight. 
Critical parts such as wing and tail 


as steel 


section can 


25 % 


WORKER FATIGUE THWARTED 


A prominent automotive manufacturer uses 

gnesi paint shields in spraying speed- 
ometer panels. The weight saving compared 
to previous shields resulted in less fatigue, 
higher efficiency for women employees. The 
excellent alkali resistance of magnesium per- 
mits easy removal of dried paint. 





structures can be designed with more 
than adequate stiffness for high speed 
flying conditions. And, in addition to 
weight savings, magnesium helps pro- 
vide a surface 
and reduces “flutter” and “drag”. Most 
important, the use of more rigid mag- 
nesium 


smooth aerodynamic 


sections simplifies 


eliminating many of the stringers and 


design by 


stiffeners necessary with other materials. 


* * * 


WRITE TODAY for new brochure, ‘““Magne- 
sium Design’. For your copy of this valuable 
reference for designers, contact the nearest 
Dow sales office or write to THE DOW CHEMICAL 
Company, Midland, Michigan, Magnesium Sales 
Department 1340 DZ 2-16. 


PRODUCTION FACILITIES 


Excellent production facilities, maintained by 
Dow and other moanvfacturers, are located 
throughout the nation. These firms are well 
equipped to provide castings, mill products, 
fabrications and related production services 
which effectively utilize magnesium's inher- 
ent advantages. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 
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Why the heavy preference for Holtzer-Cabot motors? In a word— 
reliability! For they’ve proven themselves again and again in the most 
critical applications, dependability being a prime consideration in 
process control instruments, medical instruments and communication 
equipment. Shipments from stock on standard motors. Prompt delivery 
on special motors to your specifications. 


R-24— Instrument Control Motors. Typical uses of this 2-phase induc- 
tion motor are in servo systems, as the balancing motor in recording 
instruments, and in other applications requiring fast response and control. 


R- 25—Synchronous and Induction Capacitor Motors. Used in timing, 
recording, dictating, transcribing and small power applications. Available 
with standard speeds from 14 to 3600 R.P.M. Special designs available 


for extra high torque, extreme temperature conditions, dynamic braking 
and quick reversing. 


R-29 — Synchronous and Induction Capacitor Motors. Ideal power 
source for high speed chart drive applications and other higher torque 
applications. Available in both 2-pole and 4-pole design, with H.P. 
range of 1/75 to 1/30. 







For more information, write, 


or use Readers’ Service Card. Cities throughout the World 


MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. 
125 Amory Street, Boston, Massachusetts 


Designers and manufacturers of mechanical, pneumatic, hydraulic,, 
electric and electronic equipment and systems 
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New Parts and Materials...... continued 


lence builds up as pistons near top of 
compression stroke. At instant of peak 
turbulence, a multijet fog of diesel fuel 
is injected at high pressure downward into 
vortex of hot swirling rotating air. One 
engine is turbocharged and develops 340 
hp at 2000 rpm; other is a naturally aspi- 
rated engine developing 230 hp at 2000 
rpm. Both are 6-cylinder, 4 cycle, in-line 
engines with 5}-in. bore, 64-in. stroke 
and 844-cu in. displacement. Compression 
ratio is 14.5:1. Basic weight of the engines 
is about 3000 Ib. Engine-Material Hand- 
ling Div, Allis-Chalmers Mfg Co, Mil- 
waukee. 

Circle 23, Reader Service Card 


High-current switches . . . 

for manually and mechanically actuated 
electrical and electronic uses are rated 20 
amp, 125 or 250 v ac. Said to have ac 
curately controlled movement and force 
characteristics that afford excellent repeat 
ability in critical applications. Available 
with any of eight actuator mechanisms 
pin plunger, stub plunger, panel-mount 
plunger, leaf-spring, roller leaf, hinge 
lever, long-hinged roller lever, and short 
hinged roller lever. Hetherington Inc, Fol- 
croft, Penna. 


Circle 24, Reader Service Card 





Polyphase induction motors... 
cover a range of speeds from 7200 to 
100,000 rpm. Flange-mounted units are 
available at various frequencies, or other 
designs can be built to order. Peak ratings 
are from 18 hp at 20,000 rpm to 1 hp 
at 100,000 rpm, in housing diameters 
under 6 in. Bryant Chucking Grinder Co, 
Springfield, Vt. 

Circle 25, Reader Service Card 


Gear reducer... 
and gearshift drive combination provides 
either 4 or 8 speeds on output shaft of 
reducer. Line includes double and triple 
reduction units. Motor capacities are rated 
from 1 to 10. Moving shift lever on drive 
into one of four positions, 20, 15, 10 or 
5 rpm outputs are possible with 4:1 ratio 
unit. By using a 2-speed motor in drive, 
8 different speeds are obtained. Standard 
electrical characteristics are: constant 
(Continued on page 98) 
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New high capacity V-belt 
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NEW, COMPACT GATES SUPER HC DRIVE 






































PRESENT V-BELT DRIVE 


Makes drives far more compact... 
cuts cost as much as 20% 


Here is a major advance in the field of power trans- 
mission — the fully proved Gates Super HC V-Belt, de- 
veloped in the world’s largest belt-testing laboratories 
at The Gates Rubber Company. 


The Gates Super HC V-Belt makes possible the 
lowest-cost, lightest-weight, most compact multiple V- 
belt drive that can be put on any machine! Sheave 
diameters can be reduced up to 50%, sheave widths 
30% to 50%, center distances 20% and more. 


On new drives, the cost of a Gates Super HC V-Belt 
Drive is as much as 20% less than present V-belt drives 
of the same horsepower capacity. 


Learn more about the cost-saving Super HC Drive 


For detailed information on the Super HC Drive, 
contact your nearby Gates distributor or Gates Office 
for new booklet,.“The Modern Way to Design Mul- 
tiple V-Belt Drives.” 


For utmost space, weight and dollar savings in new 
drives or drive replacements, specify Gates Super HC 
V-Belts and Sheaves. Stocks immediately available in 
principal industrial centers. 


How savings multiply with Gates Super HC V-Belt Drive 


Cost of a new Gates Super HC V-Belt Drive is as much 
as 20% less than cost of a drive of comparable horsepower us- 
ing present V-belts. In addition to the lower cost of the drive 
itself, further economies are realized on housings and bases 
— economies in materials, production time, shipping costs. 


Shown below are space savings of a typical installation... 


DriveR | DriveN 
Sheave | Sheave | Center 
Diam. Diam. Distance 


Present Drive 74" 


The Gates Rubber Company, Denver, Colorado * Gates Rubber of Canada Ltd., Brantford, Ontario 


a alll 


World’s Largest Maker of V-Belts 


a 


Gates Super HC V-Belt Drives 





FOR WELL-DESIGNED 


EQUIPMENT... 


SPECIFY THIS 


q 


we 


e: gh 
_ # PO 
Ry 
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POWER LINK “ 


When a lot of time and effort have gone into the 
design of a piece of driven equipment, it makes sense 
to pick the power link carefully. Take a pump or 
compressor, for instance. No matter how well it is 
designed and built, for long service life and operating 
efficiency, it needs protection against strains due to 
misalignment. 


Waldron gear couplings provide complete protection 
v | eS |} } } 
and positive, trouble-free drive because 


They are strong... Hubs and cover sleeves for sizes 
114A through 7A are machined from tough steel forg- 
ings. Hubs are keyed to the shafts. The two one-piece 
cover sleeves function as a single, rigid unit serving as a 


floating connecting link between the hubs. High strength 
of forgings makes possible a very compact coupling 
with low rotating inertia. 


They are reliable ...There are no flexible parts to 
bend or break and the coupling is dust, moisture, and 
oil tight. Patented Walflex seal is at the lowest possible 
diameter where centrifugal force is least. Clearance 
between teeth in hubs and sleeve is engineered so that 
an oil wedge always separates them, taking the wear. 


They are available ... Plenty of rough bore couplings, 
already assembled—on the shelf for immediate delivery. 
Finish bored standard couplings shipped to meet cus- 
tomers’ schedules. We are geared up to give you realistic 
delivery on any type of couplings. 


Ask for Catalog 57 


ionn WALDRON corr. 


Subsidiary Midland-Ross Corporation 


NEW BRUNSWICK, NEW JERSEY 


Representatives In Principal Cities 
_ Export Agents—Frazar & Co., New York, N.Y. 
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Improved Metal-To-Glass 
Alloy Holds Seals Tight 
Against Hydrogen 

at 250 Pounds Pressure 


Development of Clare’ Mercury-Wetted Contact Relays 
aided by special gas-free Driver-Harris #152 Alloy 


For all kinds of high-speed switching machines and devices 
which demand accuracy and dependability of the highest 
Driver-Harris Alloys at work in Product Advancement order, this new Clare Type HG Relay offers a combination 
of high speed, high current-and-voltage capacity with re- 
markably uniform long-life performance. It has a con- 
servative life expectancy of more than a billion operations 
when operated within its ratings and can be driven at speeds 
up to 100 operations per second. 

In this cutaway view (2%4 x) a magnetic switch, her- 
metically sealed in a high-pressure hydrogen filled glass 
capsule, and a coil, are enclosed in a steel vacuum tube 
type envelope. The switch forms the core of the coil which 
provides the magnetomotive force for operating it. 

The glass enclosed switch is very compact and small 
(5/16" diameter x 2” long) yet its handling capacities of 
5 amperes and 500 volts maximum are truly remarkable 

These features of its construction make this possible. In 
the switch segment, the platinum contact surfaces are 
wetted and protected from electrical and mechanical 
erosion with mercury by means of a capillary connection 
to a mercury reservoir below the contacts. In addition, the 
high hydrogen pressure enables the contact gap to with- 
stand a high voltage gradient without breakdown 

Keeping the gas from leaking posed a production prob- 
lem. The specifications for the lead wires at the top of the 
switch and the tubular vacuum stem at the bottom were 
stiff. 1. Gas-tight seal against hydrogen at 250 PSI. This 
was difficult. 2. Perfect match to thermal expansion char- 
acteristics of the glass. 3. Good ferromagnetic properties 
4. Exceptional surface bonding properties since the per- 
missible maximum 5 ampere 500 volt limits are dictated 
rather by factors relating to heating of the metal-to-glass 
seal than the current handling capacities of the contacts. 


Driver-Harris was called upon to produce such an alloy 
and succeeded in developing a special gas-free nickel-iron 
alloy No. 152 which meets all these requirements to the 
complete satisfaction of Clare Engineers 


Do your engineering and product development plans 
hinge upon a special alloy — why not discuss it with Driver- 
Harris. We have, since 1899, produced 132 special purpose 
alloys in just this fashion — in answer to a particular prob- 
lem and extraordinary specifications. We have a special 
bulletin on Sealing Alloys if you care to have one. Your 
inquiry is awaited. C. P. Clare & Co., Chicago, Ill 

*T.M. Reg. U.S, Pat. Off. 


DRIVER-HARRIS 


HARRISON, NEW JERSEY =~ BRANCHES: Chicago, Detroit, Cleveland, Louisville 
Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco «© in Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


0, 


7 
“, S 
™ o - a 7 
AT-TREATING INDUS E « nee 


PRODUCT ENGINEERING * February 16, 1959 CIRCLE 152 READER SERVICE CARD 





eCconomy...S eee 


in volume production 
of complex parts... 


The photograph shows a bearing support plate for a new line of power tools 
manufactured and marketed by a large and very capable organization. 


The complex nature of the part is apparent at a glance and the cost of 


machining such a part is evident to the eye of engineer and designer. 


It is on parts of this nature that powder metallurgy offers its greatest ad- 
vantages and its greatest opportunities for the future. 


Such parts require most careful designing of the tooling from which they 
are produced, plus painstaking and tedious effort until the part can finally 
be produced in volume. 


A manufacturer with such requirements naturally turns to Bunting where 
the necessary persistence until success is achieved is one of the Company’s 
recognized characteristics. 


For the unusual, as well as the usual, in bearings, bushings, bars and special 
parts of cast bronze or sintered metals, see Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed 
Product Engineering Department are at your command without 
cost or obligation for research or aiding in specification of bear- 
ings or parts made of cast bronze or sintered metals for special 
or unusual applications. 


ath 0 WiKle GOL YOu COPY Of... 

Bunting's “Engineering Handbook on Powder Metallurgy” and 
Catalog No. 58 listing 2227 sizes of completely finished cast bronze 
and sintered oil-filled bronze bearings available from stock. 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio EVergreen 2-3451 


Bunting. 


Branches in Principal Cities 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. 


New Parts and Materials continued 


torque, 3 or 2 phase, 60 cps, 208, 220/440 
or 550 v. Lima Electric Motor Co, Sub- 
sidiary Consolidated Diesel Electric Corp, 
Dept 145, Lima, Ohio. 

Circle 26, Reader Service Card 


Torque tilts motor base .. . 
providing automatic belt-driven tension 
ontrol as load conditions change. The 
reactive torque is directly proportional to 
horsepower, and belt tension increases and 
decreases as load varies. Bases are available 
to accommodate all NEMA sizes through 
frame 505 as well as for special applica 
tions requiring larger frames. Allis-Chal- 
mers Mfg Co, Milwaukee 1. 

Circle 27, Reader Service Card 


Chemist's rotary slide rule... 
is designed for the rapid solution of prob 
lems involving atomic and molecular 
veichts. Scales include atomic weights of 
i] known elements. Consists of two iden 
tically divided disks, one stationary and 
one rotary. English instruction manual is 
wailable for use with the German-made 
omputer. List price is $30. Charvoz-Roos 
‘orp, 50 Colfax Ave, Clifton, NJ. 
Circle 28, Reader Service Card 


\ 
Dual-beam oscilloscope . . . 


with high sensitivity is capable of dis 
playing x-y plots and, simultaneously, 
either x or y signal against time. Cali 
brated sweeps, generated at a high level, 
can be fed directly into horizontal de- 


(Continued on page 102) 
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SHOWN ACTUAL 


NGTH 1-5/8 WIDTH € é DEPTH 


DETROIT . 
SUN force 


does KING-SIZE job 


Space at a premium in your product? Then specify 
Detroit TyniSwitches. They are smaller than other snap 


switches of equal rating, give the positive action, 
long life and precision you need. They are virtually 


bounceless and resist shock and vibration 


Class 1 TyniSwitches are top mounted and top actuated 
Class 4 is side mounted and top actuated. Both have a 


Pressure applied to pin plunger “A” is wide variety of actuators and terminals 
transferred to spring blade ‘““B’’. When 

the actuating force (pressure) on ‘‘A”’ : ei a 
exceeds the resistance of spring blade sion of American-Standard, 5900 Trumbull Avenue, 
**B’’, the free end of blade “B” ‘‘snaps”’ Detroit 8, Mich. 

downward at high velocity, breaking 

contacts “C’’ and “D” and making 

contacts ‘‘D”’ and “‘E”’ 


Write for bulletins 263 and 270. Detroit Controls Divi 





When pressure on pin plunger ‘‘A”’ is <waTiOw 
released, blade ‘‘B”’ returns with a snap ee. an bo J %. 
(again at high velocity) to its normal 15 Amp. 125/250 V. A Non-Ind. | | 7 Uy ¥ 
position, breaking contacts ‘“‘D”’ and Contractual approv v.9. a *, 7 
“*E” and making contacts “‘C”’ and “D”’. tes eae 











Amanican-Standard and Standard ® are cra arks of 
American Radia " 


MERICAN-Standard 
DETROIT CONTROLS DIVISION 
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We Couldn't Buy A 
So We Made One! 


During the Second World War 
Rockwood was producing thousands of 
fire-fighting nozzles for the U.S. Navy. 
They had to be tested and tested com- 
pletely. Every valve Rockwood tried 
during this severe testing began leak- 
ing after a month of service. Rockwood 
engineers solved the problem with a 
unique valve with a ball and seat — 
and it worked! 

After three years of uninterrupted 
service this valve was taken apart. It 
was in perfect operating condition! 
Rockwood had pioneered a valve that 
could operate over two million times 
without leaking! The difference of true 
precision engineering and unique de- 
sign had payed off. 

When the ball is forced against the 
resilient seat if completely seals itself. 
When pressure is low, a spring behind 
the valve ball, acting through the ball 
retainer, forces the ball against the seat 
for positive sealing. The ball floats to 
assure perfect alignment of ball and 
seat every time. You get a positive seal 
— with water, oils, gases or solids! 

Full Round Flow! The friction loss 
through Rockwood Ball Valves is 
negligible. 

Long Life! Corrosion and erosion are 


minimized by the straight through de- 
sign even under high velocities of the 
media. Case histories show Rockwood 
Ball Valves perform perfectly even 
after they’ve been cycled thousands of 
times! 

Quick Operation! A quarter turn of 
the handle opens or closes the valve. 
Complete accessories for air operation 
utilizing air cylinders are stocked for all 
sizes and types. 

Maintenance is practically nil! Rock- 
wood Ball Valves require no lubrica- 
tion. No special tools are required for 
reseating, etc. 

Variety and Versatility. The next page 
shows a small sample of the variety. 
Our 78-page catalog lists the rest! And 
Rockwood Ball Valves are available in 
all types of materials to meet the many 
requirements of industry. Many acces- 
sories are stocked to meet particular 
needs. 

If you don’t find the valve you want on 
the next page ask us! When special 
features or designs are necessary, com- 
plete research, engineering and manu- 
facturing facilities are available. 

Rockwood Ball Valves are tested 
and listed by Underwriters’ Labora- 
tories, Inc. 
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Trouble-Free Valve 








Some Of The Many Popular Rockwood Ball Valves 


ad 
t 


Stainless Steel. Eliminates the 
usual stainless steel galling. 
Chevron Teflon stem packing is 
adjustable. Opens and closes with 
a quarter-turn. Synthetic rubber 
seats and operating levers avail- 
able. Sizes: 3”, 4”, 6”, 8”. 





Steam. Easy handling of 
steam and hot water u 
to 125 p.s.i. and 350°F. 
Quarter-turn o 
and closing. 
plated bronze ball re- 
sists damage, 
long life without lubrica- 
tion. Sizes: %%”, 
76", £5 Bee a ae 





Stainless Steel. For chemical serv- 
ice at temperatures from —100°F 
to 400°F. Same advantages as 
vig F stainless steel type. Sizes: 

3 os Ww ~~ 7 1 4%’, ” > all 


0s 


Forged Brass. All-purpose design 
for water, oil, gas, etc. Handle 
can be located in eight different 
positions for easier opening and 
closing. Forging body and cap 
gives more strength. density cand 
soundness. Sizes: 114", 14%", 2” 








ning 
me- 


76", 








Top Entry. Ideal where fre- 
quent cleaning and repair 
are required. Cap removal 
design, pioneered by Rock- 
wood, permits easy access to 
parts for valve repair while 
in the line. Thre aded end 
sizes: 4%”, %” 1”, 2%". 
Sweat end sizes: %",3 ‘get og 





Snaplock Handle. Can be at- 
tached to Rockwood Ball 
Valves of bar stock 
carbon steel and 
stainless steel. Pre- 
vents accidental 
opening and closing. 





Air-Operator. For hard-to- 
reach valve locations. Avail- 
able in a complete rae 
unit, can be mounted in four 
different positions around a 
Rockw Ball Valve and 
enables control of one or sev- 


cad 


For complete details on all Rock- 
wood Full, Round Flow Ball Valves 
write for new catalog to Rockwoop 
SPRINKLER COMPANY, 1128 Harlow 
Street, Worcester 5, Mass. Distribu- 
tors in all principal industrial areas. 


ROCKWOOD 
BALL VALVES 


FULL R FLOW 





eral valves from a central 
control board. 
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UNIT CONTROLS 
PACKAGE SYSTEMS 


These new Lake Shore Electric 
developments give you the 
dependability and economy of 
simplified design... 
with the ruggedness and added 


convenience of standard components, and 
NEMA-type housing when specified 





diesel generator control cabinets 


Precision AC or DC controls... fully 
instrumented for trouble-free service. 
In top-mount, wall-mount, floor-mount 
cabs to 600 volts 50-60 cycle AC, 

250 volts DC. 





trans-o-matic transfer switch 
This compact safety transfer switch is 
of mechanically-linked dual circuit 
breaker design which permits no neutral 
position. Full relay protection. 
To 4000 amps, 600 volts. 





differential sensing relays 
voltage — current — frequency 
Here’s transistor accuracy and printed 
circuit ruggedness. Adjustable pick-up 
and drop-out between 70% and 100% 
of value with only two screw-type 
adjustments and standard plug-in relay. 





utostatic voltage regulator 
This rugged transistor design voltage 
regulator contains no moving parts 
to cause trouble. Highly accurate and 
low-cost. Fully warranted for one year. 
For single generator or parallel service. 


where oe es light and power are vital. . . specify 


* 
** 
207 W/LLIS STREET [ BEDFORD, 





ELECTRIC 
CORPORATION 
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New Parts and Materials continued 
flection plates without amplification 
herefore, it is possible to use one gun 
of dual-beam cathode-ray tube as a single 
beam oscilloscope with identical amplifiers, 
each amplifier having 1 milliv full-scale 
sensitivity, while either x or y input of 
this display can be simultaneously pre 
sented against time on other channel 
Frequency response of the instrument ex 
tends from dc to beyond 100 kc and 
full-scale amplitude-measuring range is | 
milliv to 500 v in 17 steps. Switching 
arrangement on the front panel develops 
nine major modes of display. By introduc 
ing Z-axis modulation, 27 additional dis 
play modes are said to be possible. Package 
is 174 x 134 x 23} in. and weighs 70 Ib 
Instrument Sales Dept, Allen B Du Mont 
Laboratories Inc, 760 Bloomfield Ave, 
Clifton, NJ. 

Circle 29, Reader Service Card 


Drafting device that rolls .. . 
s said to take place of drafting tools for 
mall drawings, vet can be carried in 
pocket—nothing to put together and no 
adjustments necessary. Roller construction 
moves rule in straight line, keeping edg: 
parallel. Contains protractor and templet 
for small circles and can make circles up 
to 6-in. radius. Over-all size, 6 x 2 4 
in. Fullerton Engineering Sales Co, 4623 
York Blvd, Los Angeles 41. 


Circle 30, Reader Service Card 


Tube filing system . . . 
for rolled prints, charts, drawings and 
tracings consists of modular steel tubes 
in units of four per roll file. Units measure 
2 by 4 by the tube length (either 27 
33 in Tubes have 2% in. ID. Slid 
together stacking enables files to be a 
bled for desk top mounting. S 
abinet, which may be locked, accom 
modates 12 roll file units. Plan Hold Corp, 
PO Box 1038, South Gate, Calif. 

Circle 31, Reader Service Card 
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Determine position of machine; 
mark holes on floor; drill holes in 
machine legs to required diame- 
ter; drill holes in floor to required 
diameter and depth. 


Move machine into position; in- 
sert assembly through hole in 
machine leg into the hole drilled 
in the concrete floor. 





ell 
—— 


rrr | 


Tighten bolt head with power 
wrench. This draws up the plug, 
expanding the serrated leaves of 
the shell. Machine is locked 
tightly to the concrete base. 


Special bolts that anchor machinery 


When the forklift truck dumps its load, that hopper bin 
really vibrates. Keeping it anchored firmly in place used 
to be quite a problem. 


Then Bethlehem fasteners engineers were called in. 


They recommended using a special-headed anchor bolt 


with an expansion shell to anchor the hoppers. As shown 


in the drawings above, this bolt /ocks machinery to base 


concrete. Today, these hopper bins are firmly anchored, 
undisturbed by the drastic vibration. 

Our fasteners engineers are often able to find a solu 
tion that adds up to a saving for the user. If you'd like 


their help, just get in touch with our nearest sales office 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
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DUST ENVIRONMENT TEST 
of Vertical and Horizontal Contact Type Motor Control 


#1 Horizontal 
Contact Starter 


#2 Horizontal 
Contact Starter 


Vertical Contact 
C-H Starter 


100% 200% 300% 400% 


Percent Gain in Contact Resistance 
After Four Hour Dust Test 
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CATALOGS 


and BULLETINS 





To obtain copies of literature described below, circle corresponding 
number on postcard inside back cover. For those catalogs and bulletins 
available only when requested on company letterhead, see page 111. 


DESIGN STANDARDIZATION-—Book- 
let, 32 pp. Recommendations and sugges- 
tions for standards in electronic compo- 
nents. Discusses tooth-to-tooth error, burrs, 
pin hubs, clamp and hubless gears, stain- 
less steel vs nylon, pitch ranges, backlash, 
worm and wheel drives. Contains data for 
application of gears and allied components. 
Pic Design Corp, 477 Atlantic Ave, East 
Rockaway, NY. 

Circle 32, Reader Service Card 


SILICON RECTIFIERS—Handbook No. 
69, 48 pp. Contains electrical ratings, 
performance data, dimensional drawings 
for every type silicon rectifier offered by 
this firm. Also discusses theory of opera- 
tion, manufacture and _ characteristics. 
Sarkes Tarzian Inc, Rectifier Div, Bloom- 
ington, Ind. 

Circle 33, Reader Service Card 


CORROSION-RESISTANT ALLOYS— 
Brochure, 40 pp. Provides a reference for 
data on corrosives and their effect on 
Haynes alloys. Includes charts and graphs 
to show penetration rates for alloys in over 
250 corrosives. Haynes Stellite Co, Div of 
Union Carbide Corp, Kokomo, Ind. 

Circle 34, Reader Service Card 


MAGNETIC INSTRUMENTATION 
RECORDING- Booklet, 74 pp. Discusses 
fundamentals and chief applications of 
magnetic recording devices, principles of 
magnetic recording, physical elements of 
instrumentation recorders and four major 
recording processes. Ampex Corp, 934 
Charter St, Redwood City, Calif. 

Circle 35, Reader Service Card 


CAST ALLOYS—Reference Chart, 6 pp. 
Contains 55 of more widely used cast al- 
loys in carbon, low alloy and stainless steel 
groups, as well as nickel and Monel. In- 
cludes information on composition, phys- 
ical properties, specifications, heat treat- 
ment and general applications. Lebanon 
Steel Foundry, 143 Lehman St, Lebanon 
Penna. 

Circle 36, Reader Service Card 


CASTERS AND WHEELS—Catalog 130, 
16 pp. Describes swivel and rigid casters 
available. Lists optional accessories and 
over 500 different sizes or variations of 
wheels in semi-steel, mold-on rubber and 
molded plastic. Hamilton Caster & Mfg 
Co, 1700 Dixie Highway, Hamilton, Ohio. 

Circle 37, Reader Service Card 


TUBE FORM MOUNTINGS AND 
JOINTS—Bulletin 713, 12 pp. Contains 
application guide, performance characteris 
tics and data, specifications, typical appli 
cations and methods used for selection and 
installation. Lord Mfg Co, Erie, Penna 

Circle 38, Reader Service Card 


ADHESIVES, COATINGS, SEALERS— 
Catalog, 12 pp. Describes design con- 
cepts, typical applications and general chat 
acteristics of adhesives, coatings and sealers. 
Minnesota Mining & Mfg Co, 900 Bush 
Ave, St Paul 6. 

Circle 39, Reader Service Card 


INSULATING PLASTICS—Brochure, 12 
pp. Advantages of line of diallyl phthalate 
plastic molding materials are listed, show 
ing insulating qualities and dimensional 
stability. Property and molding data charts 
are supplied for Dacron-filled, asbestos 
filled, glass-filled and Orlon-filled types 
Master chart compares properties of each 
type molding compound. Mesa Plastics 
Co, 11751 Mississippi Ave, Los Angeles 25 

Circle 40, Reader Service Card 


MOLDED CABLE ASSEMBLIES—Cata 
log, 12 pp. Covers standard molded cable 
assemblies as well as field, special and 
coaxial types. 34 standard types are illus- 
trated utilizing common connector ends 
and standard molded terminal ends. Refer- 
ence tables give types, cable numbers, 
corona levels and special remarks. H H 
Buggie Inc, Box 817, Toledo 1, Ohio 
Circle 41, Reader Service Card 


COLD-WORK TOOL AND DIE 
STEEL—Brochure, 8 pp. Contains curves, 
bar graphs and technical data on machin- 
ing, heat treatment, mechanical and fatigue 
properties of low-temperature, air-harden- 
ing alloy tool and die steel. Universal 
Cyclops Steel Corp, Bridgeville, Penna. 

Circle 42, Reader Service Card 


ELECTRICAL STANDARDS—Report, 
4 pp. Lists and describes 49 basic differ- 
ences between Machine Tool Electrical 
Standards and those of Joint Industry Con- 
ference. National Machine Tool Builders’ 
Assn, 2071 E 102nd St, Cleveland 6. 
Circle 43, Reader Service Card 


SEMICONDUCTOR PRODUCTS-—Cat- 
alog, about 40 pp. Data sheets on ger- 
manium transistors and silicon rectifiers 

(Continued on page 106) 
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DON’T OVERLOOK 
IBON/GRAPHITE! 


i | 


No Other Material Can Do 
: ANY of These: 


* Withstand immersion in water from 4,000°F 
without cracking. 


4 > Resist surface atmospheric action while retain- 
Q ing constant and reproducible contact resist- 





ance. 


* Be readily processed to provide-low friction 
(graphite) or high friction (carbon) or any de- 
sired intermediate value. 


- Withstand electric arcing in contacts, lightning 
arresters and similar applications without ap- 
preciable dimensional changes. 


* Serve as an electrical conductor which is readily 
machinable and can operate satisfactorily up 
to 6,000°F. 


No Other Material Can Do 
ALL of These: 


Resist corrosive action of most gases and 
chemicals. 


Serve as a semi-permanent, readily-formed 
mold for casting metals or glass. 


Act as a seal ring around a moving shaft to 
retain liquids and gases. 


Operate as a sliding contact on commutators 
and slip rings. 


Serve as a bearing material for vacuum appli- 
cations or as an insert in ordinary bearings. 


Operate as a friction unit in constant-speed 
clutches. 


+ + + He HH FH 


Serve as a non-welding contact, either by itself 
or in combination with other metals. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 





“EVERYTHING IN CARBON BUT DIAMONDS" 


SEAL RINGS @ BEARINGS e ROCKET N . HEMICA £ A . XING 
TUBES @ BRAZING BOATS & TRAYS e ATt ROTECTION AN ES e RISER R e Vv AGE 
REGULATOR DISCS e ELECTRICA NTACTS e HEATING ELEMENTS & ELECTRODES e TUBE 
ANODES ¢ BRAZING T e RUN-OUT TABLE SLABS e M R& ERATOR B © FRICTION 





SEGMENTS © PUMP VANES e POR 


SOUS CARBON . and many more 
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Catalozs and Bulletins continued 
include descriptions, characteristics, ratings 
curves and outline drawings Includes 
transistor chart, transistor replacement 
chart and price lists. Red Bank Div, Ben 
dix Aviation Corp, Westwood Ave, Long 
Branch, NJ 

Circle 44, Reader Service Card 


ADJUSTABLE-SPEED DRIVES—Cata 
log 11058, 14 pp. Specifications, speed and 
torque ratings, construction and typical ap 
plications of equipment. Includes discus 
sion of basic methods for operating d 
motors from ac power sources. Servo-Tek 
Products Co, 1086 Goffle Rd, Hawthorne, 
NJ 

Circle 45, Reader Service Card 


STANDARD INDUSTRIAL FASTEN- 
ERS—Bulletin 2449, 8 pp 


information on socket screw products, 


Specification 


pressure plugs, locknuts, spring pins, dowel 
pins and steel collars. Also emphasizes de 
sign features and applications. Photos and 
utaway drawings supplement text on 
socket screw products. Tables and sketches 
identify each type of fastener. Standard 
Pressed Steel Co, Box 545, Jenkintown, 
Penna 

Circle 46, Reader Service Card 


RIGHT-ANGLE CONNECTORS-—Bro 
hure, 6 pp. Specifications, outline di 
mensions, and electrical and mechanical 
ratings of right-angle pin and socket con 
nectors for printed-circuit applications. De 
Jur-Amsco Corp, 45-01 Northern Blvd 
Long Island. City 1, NY 

Circle 47, Reader Service Card 


HIGH-STRENGTH ALUMINUM AL- 
LOY—Bulletin, 8 pp. Design specifications, 
mechanical properties and casting tech 
nique for high-strength aluminum casting 
Navan Products Inc, 
International Airport, Los Angeles 45 
Circle 48, Reader Service Card 


alloy are discussed 


LAMINATED PANELS—Booklet, 8 pp 
Describes panels available with a variety 
of we itherproof faces. Illustrates several 
ipplications for structural panels. Has 
kelite Mfg Corp, 701 Ann St, NW, Grand 
Rapids, Mich 

Circle 49, Reader Service Card 


FLEXIBLE COUPLINGS—Bulletin 205, 
6 pp. Contains specifications for three 
standard shear-type flexible couplings and 
gives formula for selecting correct cou- 
pling. Flexible couplings are illustrated in 
typical installations. Lord Mfg Co, Erie, 
Penna 

Circle 50, Reader Service Card 


HOSE COUPLINGS AND FITTINGS- 
Condensed catalog 34, 8 pp. Contains 
descriptions, dimensional data and recom 
mended applications for hose couplings 
ind fittings for every type of industrial 


(Continued on page 110) 
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now available through 


HERCULES 


JLO-325 JLO-660 


THE JLO° 


(pronounced “ee-lo"’) 


Distributed in the United States by Hercules Motors Corp. 


*Reg. TM of Jlo-Werke, G.m.b.H., Pinneberg, Germany 


Check these outstanding features: 


@ SIMPLICITY: Jio Series diesel engines are of e@ ECONOMY: Initial economy is coupled with 


2-cycle design: eliminate valves, tappets, push- 
rods and camshaft for dependable, maintenance- 
free operation in their horsepower range. 


LIGHTWEIGHT: 2-cycle simplicity and judicious 
use of aluminum in construction reduce the weight 
of Jlo Series diesel engines to less than 15 pounds 
per horsepower! 
FOR MORE INFORMATION 
send for illustrated booklet 


HERCULES 





HERCULES MOTORS CORPORATION 
Canton, Ohio 


maintenance economy since simplified Jlo Series 
design eliminates the problems of valve adjust- 
ments, and reduces cost of overhaul. 


@ PERFORMANCE-PROVED: Jlo Series air-cooled 


diesel engines have been used in every climate 
for every service in their power range. Fast- 
starting and rugged, they are ideal for both 
“stand-by” and continuous-duty operation. 


HERCULES MOTORS CORP. 
Dept. 268 
CANTON 2, OHIO 


Please send me more information on JLO Series air-cooled diesels 


and the name of my Hercules distributor. 
Name 

Company 

Address 


HERCULES ENGINES... Sold and Serviced the World Over 
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KL—A VERSATILE, RELIABLE, LOW COST P&B RELAY 
for communications and automation 


ECONOMY and versatility distinguish our KL = KL ENGINEERING DATA 


© ee VO 
series relays. Contact arrangements are available — GENERAL: Breakdown Voltage: 500 volt rms, 60 cycle between 
up to 4 pdt in either AC or DC versions. Sensitivity oll elements standard 4 pole relay; 1500 volts rms, 60 cycle 


on special 3 pdt relay. 
Temperature Range: —45°C. to +85°C. 
Pull-in: Approx. 75% of nominal de voltage. 
Approx. 78% of nominal ac voltage. 
Terminals: Pierced solder lugs for two #20 AWG wires. 


Enclosures: Metal con 2%" high x 2%” long x 2'%)" wide 
with octal plug or multiple solder header. 


of 100 milliwatts per movable arm is available. 

Stationary contacts and terminals are mounted 
on a phenolic front of high dielectric strength, thus 
adding to the utility of the relay. Conveniently 
located terminals and easy-to-mount base greatly 
simplify installation on long production runs. 

KL relays may be hermetically sealed or fur- 
nished in metal dust covers. 

This is one of a “family” of fine P&B relays. COILS: Resistance: 60,500 ohms max. 
Others, with similar configurations but various Power: 100 milliwatts per movable arm. 
electrical and switching capacities, are shown below. ———_ > Duty: Continuous; coils will withstand 6 watts @ 25°C. 
Write or call for more information or see the com- Voltages: up to 110 volts de. 
plete P&B catalog in Sweet’s Product Design File. oo 

P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


FOR 4 POLE RELAYS 


CONTACTS: Arrangements: up to 4 pdt. 
Material: Ya" dia. gold-flashed silver. (Others available.) 
Load: 5 amps @ 115 volts, 60 cycle resistive loads. 


MTG. HOLES 
TAPPED 96-32 


KR SERIES: SMALL, 5 AMP RELAY KCP SERIES: SENSITIVE 3 PDTRELAY §=§ KT SERIES: ANTENNA RELAY KA SERIES: GENERAL PURPOSE 


y constructed for long life and depend- For plate circuit applications requiring low Insulated to minimize RF losses. Designed to Compact, light-duty relay. U/L approved. 
lity. Available up to 3 pdt. cost, sensitive relay. Polyethylene dust cover. switch 500 watts RF input to 300 ohm line. Meets 1500 volts rms breakdown requirement. 


POUR & BRUMEIELD ING. 


PRINCETON, INDIANA ¢ SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 











Ring eliminates nut and threading, saves $365/M 


Sanborn Co., Waltham, Mass., 
uses a Waldes Truarc Series 
5555 Grip ring* to secure the 
idler gear assembly of its port- 
able electrocardiograph. The 
ring assures faultiess gear per- 
formance necessary for diag- 
nostic accuracy, eliminates a 
nut and threading operation 
for savings of $365 per 1000 
units. 




















2 standard rings replace 
4 special parts, save $170/M 
Sanymetal Products Co., Inc., Cleveland, 
O., uses a Series 5005 Self-locking ring 
and a Series 5103 Crescent® ring* to 
hold the escutcheon plate and handle of 
this doorlatch for toilet compartments. 
The two standard rings replace four ex- 
pensive chrome-plated brass parts for 
savings of $170 per 1000 units. 


Whatever you make, there’s a Waldes Truarc Ring designed 
to save you material, machining and labor costs, and to 
improve the functioning of your product. 

In Truarc, you get: 

Statistically Controlled Quality from raw materials to the 
finished product. Every step in manufacture watched and 
checked in Waldes’ own modern plant. 

Complete Selection: 36 functionally different types. As 
many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes, All types available 




































Fraser and Johnston Co., 
San Francisco, Calif., uses 
a Series 5555 Grip ring* to 
secure the fan shaft and 
speed assembly of its fur- 
nace blowers. The ring elim- 
inates a collar and set screw 
for savings of $180/M on 
materials, $80/M on assem- 
bly time—a total of $260 
per 1000 units. 


Ring replaces spring and washer; 
speeds assembly 50%, saves $15/M 


Allen-Bradley Co., Milwau- 
kee, Wisc., uses a Series 
5139 Prong-Lock ring* to 
secure the adjustment knob 
of its pneumatic timer. 
Ring eliminates a costly 
coil spring and washer, 
simplifies a tough assem- 
bly operation. Cost saving: 
$15 per 1000 units. Assem- 
bly time saving: 50%. 


quickly from leading OEM distributors in 90 stocking points 
throughout the U.S. and Canada. 


Field Engineering Service: More than 30 engineering 
minded factory representatives and 700 field men are at 
your call. 


Design and Engineering Service not only helps you select 
the proper type of ring for your purpose, but also helps you 
use it most efficiently. Send us your blueprints today .. 
let our Truarc engineers help you solve design, assembly 
and production problems. . . without obligation. e.2 


Waldes Kohinoor, Inc., Long island City 1, N. Y. 


Please send me your new 24-page Catalog No. RR 
10-58 with descriptions and illustrations of the com- 
plete line of Truarc retaining rings, pliers and acces- 
sory tools and 80 typical applications. 














































































| 

| 

| 

| 

| 

(please print) | 

Name 

Title ow o | 

| | 

WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N.Y. SOI | 
Consult the Yellow Pages of your Telephone Directory for name of =, usiness Address - 
Local Truarc Factory Representative and Authorized Distributor. . wy —_—_Zone___State. | 
Look under “Retaining Rings" or “Rings, Retaining.” Rocivapeanien ahomenamesianat | 
©1958 Waides Kohinoor, Inc. *Covered by one or more of the following patents: Nos. 2,382,948; 2,491,306; 2,574,034; 2,755,698. 
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REQUIRED 
PRECISION... 


and got it from 
CONSOLIDATED 


This 12” x 15” phenolic ““Memory Frame” for IBM 
was plunger molded in one piece with 440 wire ter- 
minal inserts. Later, strung with copper wire con- 
taining a series of 8,000 ferrite magnetic cores, these 
frames are stacked one atop the other and wired 
together in conjunction with other components to 
give IBM’s 705 Data Processing System a “memory” 
capacity of 40,000 characters. 

Dimensionally stable frames that would withstand 
dip soldering at extra high temperatures were a 
necessity. They could not bow or crack, nor could 
there be more than minimum after-shrinkage or ex- 
pansion once assembly was completed. 


For more than 80 years 
we have been filling exact- 
ing plastics orders for the 
nation’s blue chip com- 
panies. Before you discard 
any design you feel can’t 
be molded in a plastic, call 
Consolidated. 





CONSOLIDATED 
MOLDED 
PRODUCTS 
CORPORATION 


“Your Blueprint 
in Plastics” 
Since 1874 


Send for your free copy of our new 20-page Facilities Report 


344 Cherry St., Scranton 2, Penna. 








ee 


Catalogs and Bulletins... ..... . continued 


rubber hose. Hose Accessories Co, 2704 
N 17th St, Philadelphia 32. 
Circle 51, Reader Service Card 


NEEDLE THRUST BEARINGS—Cata 
log 759, 6 pp. Lists line of bearings avail 
able in bore sizes from # to 3 in., covering 
increased capacity ratings. Discusses instal 
lation, lubrication and load capacity of 
bearings and design and installation of 
thrust races for use with these bearings 
lorrington Co, Torrington, Conn 

Circle 52, Reader Service Card 


FOOTSWITCHES—Catalog and price 
list for 1959, 4 pp. Shows line of 40 
footswitches, rated from 7 to 40 amp 
Gives specifications, dimensions and rat 
ings. Vemaline Products Co, PO Box 222, 
Hawthorne, NJ. 


Circle 53, Reader Service Card 


PREVENTING COLUMN FAILURES 
Catalog sheet, 2 pp. Discusses commonly 
encountered problems relating to column 
strength of hydraulic-cylinder piston rods 
Includes formulas, explanatory matter to 
determine column strength limitations, and 
illustrations. Miller Fluid Power Div, 2040 

N Hawthorne Ave, Melrose Park, II] 
Circle 54, Reader Service Card 


POWER-TRANSMISSION EQUIP- 
MENT~—Bulletin, 4 pp. Describes major 
features of speed-reduction drives, screw- 
conveyor drives, adjustable-speed drives in 
standard and wide-range types, motor bases 
and conveyor and split pulleys. Sizes are 
listed for each piece of power transmission 
equipment. American Pulley Co, 4200 
Wissahickon Ave, Philadelphia 29 

Circle 55, Reader Service Card 


STOCK CERAMIC-TOOL COMPO- 
NENTS—Bulletin 116, 4 pp Describes 
line of off-the-shelf high-temperature 

ramic tool components. Includes dimen 
sions, tolerances, ordering requirements and 


mechanical and_ electrical propert 


properti 
Duramic Products Inc, 262-72 Mott St 
New York 12. 


Circle 56, Reader Service Card 


RIGID PVC PIPING—Catalog 10050-A, 
6 pp. Lists specifications and physical 
properties of piping and includes data 
about common chemicals that can 
handled safely by the pipe. Covers fit 
tings and valves too. Plastic Products Div 
B F Goodrich Industrial Products Cx 
Marietta, Ohio. 

Circle 57, Reader Service Card 


CORONA-TYPE VOLTAGE REGULA- 
TOR TUBES—Tabbed file folder. Data 
sheets each have typical performance 
curves, illustrate various models, give sug 
gested applications, and list performance, 
specifications and dimensional information. 

(Continued on page 111) 
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Catalogs and Bulletins......... continued 


Engineering paper on the application of 
corona-type regulators includes graphic 
analysis of performance; illustrates stabili- 
zation ratios, effects of temperature; and 
discusses cascade regulation, use of voltage 
reference. Victoreen Instrument Co, 5806 
Hough Ave, Cleveland 3. 

Circle 58, Reader Service Card 


INSULATING-TUBING AND SLEEV- 
ING—Bulletin 60T, 4 pp. Includes tables 
and charts of thermal, electrical, physical 
and chemical characteristics. For selection, 
tables compare characteristics with those 
of other available tubing and sleevings. 
Packaging and wall thickness chart gives 
dimensions. Suflex Corp, Dept 1130, 
33-40 57th St, Woodside 77, NY. 

Circle 59, Reader Service Card 


INTERNAL-GEAR ROTARY PUMPS— 
Bulletin 1535, 4 pp. Covers eight of vari- 
ous types of pumps and gives a short 
resume about operation of each. Dimen 
sion table with diagrams appears on back 
page. Discusses how pump works, how it 
is constructed; and gives applications, ca- 
pacities, and rpm data in tabular form 
Deming Co, Salem, Ohio. 

Circle 60, Reader Service Card 


POLY TRAFLUOROETHYLENE 
TUBING-—Brochure, 4 pp. Prices, toler 
ances, sizes and application information 
Gate-fold chart lists electrical, mechanical, 
chemical and thermal properties of high 
temperature tubing. Also gives prices, pack- 
aging information and terms. Minnesota 
Mining & Mfg Co, Irvington Div, 900 
Bush Ave, St Paul 6 

Circle 61, Reader Service Card 


DRAWN COPPER SHAPES—Catalog 
sheet, 2 pp. Describes availability of facili- 
ties for providing drawn shapes to specifi 
cations. Describes N-4 alloy for high- 
temperature applications. Nippert Electric 
Products Co, 1759 W Mount St, Colum 
bus 23 

Circle 62, Reader Service Card 


RELAYS WITH MOLDED SPRING 
COMBINATIONS-—Bulletin 160, 2 pp 
Specs, ratings and operating data for Tl 
and TS series relays. Ohmite Mfg Co, 
3679 Howard St, Skokie, Il. 

Circle 63, Reader Service Card 


Letterhead Requests Only 


Manufacturers who publish following 
literature ask that requests for copies be 
made on company letterheads 


BRASS-ROD MILL PRODUCTS—Book 
let, 24 pp. Weight, size and tolerance 
tables, specifications and other technical 
data are listed for free-cutting brass, com- 
mercial bronze, nickel-silver, high silicon 
brass, manganese bronze, forging rods and 
shapes, brass wire, and boat shafting. Titan 
Metal Mfg Co, Bellefonte, Penna. 
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Six sizes... 
all variable-speed 


explosion-proof 


GAST «= AIR MOTORS 


CHOOSE YOUR DRIVE Need a compact, low-cost motor for original equipment 
METHOD or plant use applications? Air may be your answer 
using one of these efficient Gast rotary-vane Air Motors 
Look at the special advantages they offer you 


They're explosion-proof no sparks, no danger! 


Low initial cost compared to other motors 


Direct through Can't burn out if overloaded or stalled 


l 
2 
3. Speed variable with simple valve control 
4 
< 


flexible coupling. 
Ps Reversible rotation optional on some models 





Rotor vanes take up their own wear 
Quickly attached to plant air lines 
Amazingly light, compact for h.p. delivered 
Ball-bearing; almost service-free design 


Use gear reducer. 
Mechanically simple, neat in appearance 


Flange Gast Air Motors are supplied as original equipment on 
mounted — 
vertical é 
eperaiies. : blowers, fuel hose-reel rewinders, liquid pumps, spool 


ing machines and a host of other products. Used in 


eal explosive atmospheres and in “hot” locations to 250° I 
al — Yr Model N AM 2AM 4AM 6AM BAM 6AM 
— HP. of 90 PS), 2000 RPM 3 57 nw 2 4 
| Weight, tt ‘ “ 7 25 as 
} Driving , 7 ‘eae 
a pulley. For complete performance data, write for Air Motor 
Bulletins. Specify models that interest you 


GAST MANUFACTURING CORP., P.0. Box 117-V , Benton Harbor, Michigan 
SEE CATALOG IN SWEET'S PRODUCT DESIGN FILE & A.S.M.E. CATALOG 


pneumatic hoists, mixers for paint and chemicals, fans, 








@ AIR MOTORS TO 7 H.-P. 
@ COMPRESSORS TO 30 P.S.I. 
® VACUUM PUMPS TO 28 IN. 
“Air may be your answer!" 
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3000 PS] Tangents-.- 


MAXIMUM QUALITY 
MINIMUM COST 








Save Weight—Space—Cost 
Check these advantages: 


¢ Clean, trouble-free design 


e Exclusive ‘‘Bruning-ized"’ bore. 
¢ Single or double action 


e Extremely wide selection of 
bores, rod diameters and 
mounting combinations 


e For both hydraulic and pneu- 
matic applications 


e 3000 PSI operating pressure 


e Rugged, dependable 
performance 


e Easily adapted to customer 
specials 


e Premium quality 
¢ Minimum cost 


COMPARE PRICE AND DELIVERY 


For original equipment or replace 
ment parts specify Bruning DECCTO 
cylinders 


Bruning has a complete line of high 
performance hydraulic and pneu- 
matic couplers, cylinders and check 
valves 


WRITE FOR FREE BULLETIN 
No. 554-18 


—Brunine 


COMPANY 


611 So. 9th St., Lincoln, Nebraska 
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How Precise 


lo the carpenter, an eighth-inch is 
close enough; to the butcher, a quarter 
of a pound will do; to the lady primp- 
ing, fifteen minutes is no time at all. 
But in modern technology, the most 
precise measurements of distance, 
weight and time are no longer close 
enough. 

Watt's standard of precision was a 
thin shilling, our fathers’ was a thou- 
sandth. Heat and weight were not 
problems. Our standard has moved 
through ten-thousandths to  mil- 
lionths, and added in fractions of 
grams, seconds, degrees. And this is 
not clese enough. 

The old rule was that a master gage 
had to be ten times as accurate as the 
shopgage or tool, which in turn had 
to be ten times as accurate as the work. 
But requirements now make those 
comfortable margins impossible, just 
as they’ve whittled tolerances to al 
most ridiculous minimums. Our best 
on gages and gage blocks is now a mil- 
lionth or two; but some work must 
be accurate to less than ten times 
that. Some requirements go beyond 
available measuring tools (as, for ex- 
ample, the finish of a bore), many tax 
available tools to their limits. We 
must have gears without backlash, sur- 
faces indisputably flat, temperatures 
that split the degree, time that shat- 
ters the second. 

The familiar measurement of time 
by splitting up the daily rotation of 
the earth is, for example, just a little 
inaccurate because the earth wobbles 
a bit and is slowing down like a tired 
top. Thus, world scientists agreed a 
year or two ago to use as the standard 
second 1/86,400 of a certain solar day 
in the year 1900. But, for several 
vears, the Bureau of Standards has 
actually been using a time standard 
based on the wave-length of the ces 
ium-atom energy wave. Solar time is 
accurate to a second in 30 years, 
atomic time to a second in 60 years 
now, eventually to a tenth of that. 
Atomic clocks are being made even 
now; are portable although very ex- 
pensive, and extremely reliable. 

Length is a similar problem, be- 
cause our measurements are based on 
a standard yard, based in turn on a 


Is Precision? 


platinum-iridium meter bar in Wash- 
ington. With such a base, top per- 
formance is an accuracy of about one- 
millionth inch. But machine-tool and 
precision-instrument makers want a 
length measurement precise within a 
ten-millionth inch. This requires 
length measurement based on the 
wave length of light. Several major 
companies are already working in this 
area to keep their standards accurate. 

In measuring length and time, the 
Bureau of Standards has not been the 
best equipped laboratory. Various 
companies, large and small, have de- 
veloped or imported instruments that 
were for a time better than anything 
the Bureau had. This should not be, 
because the Bureau should be not only 
the repository for the standards but 
the best equipped to measure them. 
However, any institution dependent 
on public funds must operate at the 
whim of fund-allocating bodies, and 
these can be economy-blinded at 
times, as world events prove. 

We are likely to be caught with our 
temperatures down, too—in fact many 
have been already. We can measure 
with some accuracy up to 4000 C. 
The Russians claim, however, to be 
able to go to 6000, and expect to 
reach 12,000 by 1960. This ability to 
measure high temperatures accurately 
gives them an edge in research on 
missiles, jets and nuclear reactors. 
There is also need to measure fractions 
of a degree still more accurately, both 
for power research and for some pro- 
duction processes. 

Basically, there are only a few stand- 
ards: time, length, weight, tempera- 
ture, all defined in the metric system 
and converted for English measure. 
All other standards, electrical, elec- 
tronic, or what have you, must be 
related to these. It is thus of the ut- 
most importance that the basic ones 
be not only correct, but precisely sub- 
divided or multiplied. With today’s 
necessity for precision in navigation 
and instrumentation, in production 
and assembly, any inaccuracy may go 
beyond mere costliness to actual fail- 
ure. We must, more frequently ask 
ourselves, “How precise is precise?” 

—EJT 
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FRINIX | 
s : This | ‘ 


'Swaged nose \ 
Le / LVN 


on LION  Quarter-tun FASTENERS 
is the secret of reliability, a high strength-weight 
ratio and smooth, positive operation.” 


Private, commercial and military aircraft and missile 
manufacturers’ experience with LION QUARTER-TURN FAS- 
TENERS for airborne applications and ground operations have jus- 
tified their choice of these inexpensive, dependable fasteners. They 
provide quick access through hinged or removable panels. Locking 
and unlocking is accomplished quickly and smoothly. 

Approved for aircraft use—Designed to meet Military 
Specifications, Lion Quarter-turn Fasteners conform to Mil. Spec. 
MIL-F-5591A (ASG)... are on the Government’s OPL .. . are 
CAA approved for commercial and private aircraft use. 

Lion Fasteners consist of three parts . . . a one-piece, 
swaged-nose stud having NO Cross pins to install or to become No. 8. Gives complete engi- 
misaligned; a retainer; a floating receptacle which is riveted or , ; 
welded in place. Installation requires no special tools . . . is sim- SENG CUn on Eee shenearedl 
plified by a permissible float of .070”. ers and many other special 

Two types in various sizes available. Model No. 2 is fasteners. Write to Southco Di- 
used where space is limited and light weight is essential, Model | Vision, South Chester Corpora- 
No. 5 meets severe conditions of shear, tension and vibration. tion, 236 Industrial Highway, 

Full range of heads offers flush, oval, wing, ring, Lester, Pa. 
knurled, and notched head and key. 


LION PRIVATE COMMERCIAL MILITARY MISSILES 
. a _* > > ) 

$28 qi > = — oN | 

via (on ery mm : 


f. i 
FASTENERS ener 
one of the 


©1958 FASTENERS LION | 


/ 








Send for your free copy of 
Southco Fastener Handbook 
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° To new members of the 
Special Introductor y Of fer MECHANICAL ENGINEERS’ Book Club 














WITH YOUR FIRST SELECTION Rk ie 
AND CHARTER MEMBERSHIP UES FROM 


$7.50 TO $17.50 


wal Publisher's Publisher's Publisher's Publisher's 

Price, $8.50 Price, $11.00 Price, $8.75 - Price, $17.50 

Club Price Club Price, Club Price, , Club Price, 

$7.25 $9.35 7.45 - $14.95 

Mechanics of Machinery by C. W. Ham The NEW American Machinist Handbook Fundamentals of Mechanic esig ) ool Engineer dboo y American 

E. J. Crane, and W. L. Roget Fourth Edited by R. Le Grand ove eve : Phe Helps you insure top pe ociet of zines lited by 

Edition Methods, data, and ory in major phase of machine aft r t nt ect ! | : 
I major areas of mechanic ing room work 


Publisher's Publisher's ~% Publisher's Publisher's 
Price, $8.00 Price, $11.00 * Price, $7.50 = Price, $7.90 
es Club Price Club Price, oe Ciub Price, (ae Club Price, 

4 neg ES A Tee $6.80 $9.35 et $6.40 $6.75 
Mechanism, by J. 8S. Beggs. Practical ASME Handbook: Metals Poeperths Edited Thermal Stresses, by Gatewood Modern Mathematies for the Engineer, 
methods of analyzing complex mechanism by 8S. Hoyt Shows in concis tabular Methods for solving the full range of Edited by E. F eckenbac yasier ways 


for more effective design work orm the properties of metal —- alloy design problems caused by evated tem to solve all typ yf rineering problems. 
peratures 


How many of the books shown here do you wish you had immediately at hand?— 


Select one AS A GIF" Choose fron ‘ of the large number of books in your Send no money now Just heck any 
Mechanics of Sa, Tool Engineers offered in any twelve months there two books you want me FREE and one 
Handbook, Thermal Stresses, and five at least three you would buy any is your first Club se ior 1 the coupon 
other valuable books your introduc é By joining the Club you save your below. Take advan e of thi ffer now, 
tion to membership in_ the Vechanical If the bother of searching and shopping and get two book I é thi the 
Engineers’ Book Club é ave in cost about 15 per cent fron regular price of o 

If you're missing out on important tech publishers’ prices. 
nical literature—if today’s high cost of 
reading curbs the growth of your library 
here the solution to your problem The 
WVechanical Engineers’ Book Club was or 
ganized for you, to provide an economical 
technical reading program that cannot 
fail to be of value to you 

All books are chosen by qualified editors | The McGraw-Hill Mechanical Engineers’ Book Club PE-2-16 Check 2 books: We will send the 
and consultants. Their thoroughgoing un | 330 West 42nd Street, New York 36, N. Y. P. O. Box 97. higher priced book as your FREE 
derstanding of the standards and values Please enroll me as & member of the Mechani al book: 
of the literature in your field guarantees | Club. I am to receive my FREE book along with my 
the authoritativeness of the selections both checked at right. You will bill me f« Ly st tion —Mechanics of Machinery 
; How the Club operates. Every second }: * the acis —_ pris » = a few =e WERW Aeseckcen SMa- 
month you receive free of charge The delivery costs. (The Club assum his char chinist’s Handt k 
Vechanical Engineers’ Book Club Bulletin | Forthcoming ——— oe none ibed ‘ — 

pal may decline any book I need take only » . 
(issued six times a year). This gives com nates in 12 months of membership —Fundamentals of Mechani- 
plete advance notice of the next main cal Design 
selection, as well as a number of alternate | PLEASE PRINT 
selection If you want the main selectior 
you do nothing ; the book will be mailed to 1. —Mechanism 
you. If you want an alternate selection = ” . —ASME Handbook: Metals 
or if you want no book at all for that | 

two-month period notify the Club by ( a 
returning the form and postage-paid en —Thermal Stresses 


velope enclosed with your Bulletin 0 RisK GUARANTEE. '' ~ a ~ “= first Pom vo sieten —Modern Mathematics for 


We ask you to agree only to the pur | und yt membership v ” canceled the Engineer -E t 
chase of three books in a year. Certainly Ves. 


—Tool Engineers Handbook 


Properties 
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More Load Capacity! More Design Flexibility! 


ORANGE SEALED 
lage lywe NEEDLE BEARINGS 


Longer Rolls—Higher Capacity 





L 





Full Length Rolls 


Only Orange construction provides effective sealing with- 
out reducing roll length or load carrying capacity. Note 
the proportion of roll length to race, compared with other 
types. You get the full load capacity of Orange Cage Type 
Needle Bearings—plus the economy and efficiency of 
built-in Neoprene seals to keep dirt out and lubricant in. 


TWO Bearing Lengths for Design Flexibility 





Available with single or double seals 


Only Orange offers Sealed Cage Type Needle Bearings in 
TWO bearing lengths for each shaft diameter. Both bearing 
lengths have full-length rolls in proper proportion to race, 
providing maximum load-carrying capacity. Thus, you have 
greater flexibility in meeting load, space and design require- 
ments. Other sealed needle bearings offer only one bearing 
length, with shorter rolls and less capacity. 





Effective Seal Design ——»> 


This provides positive exclusion 
of foreign matter, retains lubri- 
cant and acts as a vent to prevent 
displacement of seal if additional 
lubrication is added through 
holes provided in races. 





— plus advantages of Orange Cage Design 


The Orange cage design GREATER GREASE 
assures constant contact CAPACITY 

with entire length of roll 

periphery to provide the ul- 

timate in guided rolls and 

resistance to skewing. 

Adequate space around rolls 

provides exceptional capac- 

ity for lubrication. GUIDED ROLLS 


Stocked in popular sizes from Ye" to 4” shaft diameters. Other 
sizes will be added as volume requirements are established. 





Write for new, detailed brochure giving engineering data, construction, dimensions, etc. 


ORANGE 


ORANGE ROLLER BEARING CO., Inc. 
551 Main Street, Orange, N. J. 





ROLLER BEARINGS 
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Needle Bearings — Staggered Roller Bearings 
Journal Roller Bearings — Thrust Roller Bearings 
Cam Followers 
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SPECIFIC PACKINGS DESIGN 
FOR All CORROSIVE SERVICES ABSTRACTS 


anennn ves aneanenty 


Solderability of Wire 


An apparatus that performs a 


White asbestos yarn ex- Teflon multi-filament “spread” test is illustrated. Investiga 
ternally lubricated with yarn, no i 


tions of solderability based on this 
testing device are described. 

“An Apparatus for Testing Solderability of 
Wire,” J A ten Duis, Philips Technical Review, 


Dec ‘58, N V Philips Gloeilampenfabrieken, 
Eindhoven, Holland. 


Effect of Residual Stress 

on Fatigue Strength 
Rotating tests performed on notched 

bars, preloaded to induce residual 

stress, are reported. Effect depends on 


AAAA asbestos lu- idolite blue asbestos material and notch contours. 
bricated with Teflon. yar Teflon ; ; 
ath Teflon “Effect of Residual Stress on Fatigue Strength, 


ee D S$ Dugdale, University College of Swansea 
(England); Welding Journal, Jan ‘59, 33 W 
yay 39th St, New York 18 


, ineering Talent 
Crocidolite blue asbestos Teflon tape, no lubricant. Lt tape impregnated Use of Eng nee g 
yarn lubricated throughout th chemically resistant lo make optimum use of engineer 
with Teflon. lubricant. . 
- ing personnel, four suggestions are 


made and discussed: (1) match men 
and jobs so that every man is chal 
lenged and given opportunity to grow 
(2) find wavs to concentrate eng 


Teflon tape faye over Teflon tape impregnated Teflon tape lubricated mace’ thane 6n Ghalnetian Guik: 


por can B blue asbestos with lubricant suitable for with special non-harden- 


with chemi- nitrating acid service. ing, non-melting lubricant. cooperation between educators and in 
y recistant lubricant dustry to produce best practicable en 


*BRAIDED gineering raw material, and conversion 
LL \ into high-quality engineers in shortest 
ih PACKINGS possible time: (4) circumvent organ 


izational pitfalls that are likely to r 
sult in bureautic waste of engineering 


Specific service conditions are always best handled with a packing de- re 
alent. 


signed for the purpose. This is especially true when it comes to hard-to- 

handle liquids in pumps, valves, agitators, mixers, plating equipment and Utilization of Engineering Talent,” H B Hunt 

similar applications ley, American Telephone & Telegraph Co; Elec 
‘ trical Engineering, Jan ‘59, 33 W 39th St 

For this reason John Crane has developed 15 individual field-proved types ow Var os. 

of Chemlon Braided Packings. Within this line there is a type and style 

that will meet any combination of service conditions and requirements 


1. All known industrial acids, alkalis or solvents. 1958 Annual SAE Meeting, 
2. Temperatures from —120°F to +600°F Jan 12-16 


3. High or low shaft speeds, also valve stems 
For copies of the following papers: SAE, 485 


4. Longer packing life due to lower coefficient of friction and Lexington Ave, New York 17 


non-raveling construction 
Send in your service condition and we will recommend a Chemlon Braided 
Packing best suited to your application. Request Bulletin P-325. 


Rubberlike Materials for 
Synthetic Hydraulic Fluids 


Crane Packing Co., 6445 Oakton St., Morton Grove, IIl.(Chicago Suburb). Fact involved select f 
In Canada: Crane Packing Co., Ltd., Hamilton, Ont actors Involve in serecuon 0 


tT.M. for DuPont Teflon *T.M. for the Best in DuPont Teflon materials are discussed: compatibility 
pe ee physical properties, performance re- 

a ee * SS S peg Ss quirements. Tables are included that 

Gd = yg FR a give data on compatibility of elastom 

MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS ers (based on percentage of swell 


CRANE PACKING COMPANY (Continued on page 118) 
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New adjustable time delay relay 
provides wide selection of time ranges 


The new Cramer Type 471 Time 
Delay Relay provides an accurate, 
adjustable time delay between the oper- 
ation of a control circuit and the sub- 
sequent closing or opening of one or 
two load circuits. Through selection of 
external wiring connections, the unit 
offers broad application flexibility and 
excellent accuracy at modest cost. 
Some typical uses include control of 
machine tools, batch processes, heat 
treating, automatic mixers, electronic 
devices, and signalling equipment of 
many kinds. 


Operation 


Type 471 is powered by a Cramer 
synchronous motor which drives pre- 
cision-cut timing cams through a 
clutch, from a starting point set by a 
dial knob. The cams rotate at constant 
speed to a zero point, where the load 
switch is transferred. An instant later, 
a second cam opens the motor circuit. 
The clutch stays engaged, and the unit 
does not reset until the operator either 
opens the clutch circuit for the direct- 
clutch model, or closes the clutch cir- 
cuit for the reverse-clutch model. 


Ihe direct-clutch unit resets auto- 
matically on power interruption, and 
repeats its complete cycle when power 
is restored. The reverse-clutch unit sim- 
ply suspends operation and, when 
power returns, proceeds to complete 
the same time interval. Resetting is 
accomplished by a coil spring which 
drives the cam carriage back to a mov- 
able stop which is positioned by the dial 
knob. The stop location determines 
how quickly the cams will reach the 
switch actuation points, and so deter- 
mines the timed interval. 


TYPE 471 


Features 


TIME RANGES 


15 seconds to 24 hours. 


ADJUSTMENT RANGE 90% of full scale. 


>¢ 


ACCURACY within 2 


+ of full scale 


RESET TIME approx. 3 second or less. 


LOAD SWITCHES — snap-acting SPDT, 10A 
125V or SA 250V AC, non-inductive. 

MOTOR & CLUTCH 115/220V, 25, 50 
and 60 cycles. Reverse clutch optional. 
GEARS 


in excess of a million operations. 


case-hardened steel, for life 


For details, write for your free copy of 
Bulletin PB-471. 





TIME RANGES 


TIME 
RANGE 


AND MINIMUM SETTINGS 


DIAL 
DIVISIONS 


MINIMUM 
SETTING 








15 sec 
30 sec 
60 sec 
5 min 
15 min 
30 min 
60 min 
2 hrs 
5 hrs 
12 hrs 
24 hrs 


V9 sec 
1 sec 
2 sec 
10 sec 
30 sec 
1 min 
2 min 
5 mn 
15 min 
30 min 
1 he 


1.5 

3 

6 

30 

] 5 mn 
3 mn 
> min 
2 min 
36 min 


1'4 hrs 


2'2 hrs 





FOR EXTREME ACCURACY PLUS WIDE SELECTION OF RANGES 


[ype 412 performs essentially the 
same functions as Type 471, except 
that it is designed for panel mounting, 
extreme accuracy, heavier loads, and 
100% adjustability over the entire 
time range of each unit. Eleven full- 
scale time ranges are available, from 6 
seconds to 24 hours. Overall accuracy 
is within plus or minus 2 of 1% of full 
scale, exclusive of setting errors. Repeat 
accuracy is within plus or minus % of 
1% of full scale on 30 second and 
longer ranges, and 2 of 1% of full 
scale on faster timers. The fully en- 


closed dial carries a red pointer to indi- 
cate the setting, a black pointer to 
indicate timing progress. The open 
blade SPDT load switch is rated ISA 
125V, 1OA 250V AC, and can handle 
inrush currents up to 40 amperes. A 
second load, operating within 1% of 
full-scale time following the first load, 
can be controlled from the motor 
switch itself. Internal SPST seal-in 
contacts permit operation from a 1/10 
sec. control pulse if desired. Direct or 
reverse clutch operation is as described 
for Type 471. 


CRAMER CONTROLS 
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CORPORATION 


Box 7, Centerbrook, Connecticut 
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TYPE 412 








Abstracts oo .. .continued 


and physical properties of O-ring ma- 
terials. Equations and curves on solu- 
bility parameters are also included. 

“Choosing Rubberlike Materials for Use With 


Synthetic Hydraulic Fluids,’ Webster and Lar- 
kin, Douglas Aircraft Co; SAE paper 9T. 


Solid-film Lubricants for 
Over 1000 F 

(his discussion includes data devel 
oped in a literature search and in- 
cludes some equations on the mech- 
apism of wear and tables which give 
information on many of the solid films 
developed to date. Coefficient of fric- 
tion for several metal-lubricant com 
binations are also included. 
“High-temperature Solid-film Lubricants for 


Uses Above 1000 F,” R E Crump, Electrofilm 
Inc; SAE paper 45. 


Fluorester Lubricants 
Some new lubricants prepared from 
highly fluorinated alcohols extend use- 
ful temperature limits for this type of 
material to 550 F, but they do not 
W180 HP. 4 1/35 H.P. provide viscosity indices and low tem 
yo ig Oe mh om peratures properties required in MII 
L-9236. Field evaluations of these new 
esters are still underway 


... for a standard line 
. es “New Fluorester Lubricants for High-tempera- 
of motors adaptable to ture Applications,” Ballard and Sommers, E ! 


hundreds of applications du Pont DeNemours & Co; SAE paper 92. 


RELY on GI Friction, Wear and Deformation 


Results of investigations of the ef 

Fractional H. P. Motors fects of sliding friction and wear on 
wood, diamond, glass, rubber and 

General Industries’ standard line metallic carbides are described. Other 
of motors is adaptable, with slight experiments 


variations, to literally thousands of 
applications. This means that your cluding some on friction effects at . 


og 
motor requirements can most likely high speeds, damage to solids by im oO 
be met without additional time- pact with liquid at very high speeds F RMULA 
consuming engineering. , 
if you are currently using frac- deformation of metals and nonmetals. FOR 
tional horsepower motors, or are “Some Recent Experiments on Friction, Wear 
planning a product that calls for | and Deformation of Solids,” F P Bowden, Cam- REDUCED 
their use, phone or write General bridge University (England); SAE paper 17R. 


industries. We'll gladly make rec- ASSEMB LY 
ommendations—without obligation. 
cosTs 


ACME | You choose a tubular rivet for your de- 

| we =| sign because of its low-cost efficiency. 

— " But what you save at the design stage 

may be lost in production unless parts 

are riveted with automatic riveters. 

peer a ea Milford Tubular Rivets and Riveters 
1/500 H.P. to 1/90 H.P. to j should be paired for maximum cost 


1/45 H.P. 2-pole 1/45 H.P. 4-pole, . : 
shaded pole 4-coil shaded pot ' savings. Mention this to your produc- 
AC induction type | AC induction type | 1 ae tion engineers. 
1 A AV) 
For the answers to assembly problems 


Write today for catalog | j \ \ get in touch with Milford first! 
sheet and quantity-price 


quotations. 


ROAM NISL SIME | 2ece... remember sha ‘blast’ furnace you 


worked out? Well t certainly did... MILFORD, CONNECTICUT + HATBORO, PENNA 
}} . th untrvsid ELYRIA . ° 
DEPARTMENT GK « ELYRIA, OHIO all over the countryside. . OHIO + AURORA, ILL. » NORWALK, CALIF 


are also discussed, in 





MILFORD RIVET 
& MACHINE co. 
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One in a series of technical reports by Bower 


BRIEFINGS 





ROLLER BEARING LIFE AND 
CAPACITY LINKED TO STRESS DISTRIBUTION 





These reproductions of photoelastic 
studies contain important evidence for 
every engineer and designer concerned 
with the performance and selection of 
roller bearings. In these photographs, the 
alternate dark and light areas, called 
fringes, indicate not only the magnitude 
of stress but also the stress distribution. 
The photographs were taken by Bower 
Research Engineers during a study of 
stress distribution in roller bearings. 


The subjects represent rollers and race- 
ways of two roller bearings under iden- 
tical loads. The illustration at the left 
shows a roller of conventional design. 
The illustration at the right shows a 
Bower “Profiled” roller. That is, the 
roller is precision ground with a large 
radius generated along the body of the 
roller—a predetermined and controlled 
distance from each end. 


The conventional roller photo (left) 
clearly shows how, under load, stress 
concentration builds up in and near the 


roller ends. This is called edge-loading. 
Such areas of concentrated stress are the 
breeding grounds for metal fatigue and 
eventual bearing failure. 


In the photo of the “Profiled” roller 
(right) stress lines can be seen uniformly 
distributed across the whole length of 
the roller and raceway. There are no 
points of excessive stress concentration, 
consequently no starting points for early 
fatigue. Such a “Profiled” roller exhibits 
a great advantage in improved load 
carrying capacity, a most important 
bearing requirement. 

Under actual operating conditions, 


Bower “Profiled” roller bearings show 
a considerably longer life at higher 


speeds and under greater loads than con- 
ventional roller bearings. 


Because of this, and of other Bower fea- 
tures to be discussed in later technical 
reports, we suggest that you consider 
the advantages of Bower bearings in 
satisfying your future bearing require- 
ments. 


x*«nere 


Bower engineers are always available, 
Should you desire assistance or advice 
on bearing problems. Where product 
design calls for tapered roller bearings 
or journal roller assemblies, Bower 
makes these also in a full range of types 
and sizes. 





BOWE FR ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 


4, MICHIGAN 
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Advance 
Relays 


Automatic Now Uu 
Electric eee 
Besson and 


AMERICA'S | hg 


Collins 


Electronics 
C. P. Clare 
| Elgin 
i : Neomite J 


BIG MANUFACTURER 


Guardian Electric 
Kurman 
Leach 
Relays 
Monitor 
Phillips 
Control 
Potter 
& Brumfield 
R-B-M 
Div. Essex Wire 
Struthers 24 HOUR DELIVERY 
Dunn 


Terado from 


And Others RF LAY SALES 


Send for our Catalog C-9 
Phone West Chicago 1100 
TWX West Chicago, Ill. 3464-U 
Write P.O. Box 186-PM, West Chicago, Ill. 
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ees 
| Fac from MEYERCORD | 


for latest information on plant and product marking | 


\: 
.. ask for these brochures . . . free! MEYERCORD 
to offer you right off our STANDARD | ‘ es 


PRICE LIST 


@ “We have hundreds and hundreds of 


widths, styles, solid colors and patterns 


PLANT MAINTENANCE MARKING KIT Meyercord 


For over 65 years, this has been our business, 
Naturally, we have more to offer in every way. 
Our big assortment includes nylon, dacron, 
dynel, cotton, jute, combed peeler mercerized 
and high tensile webbings. No matter what 
product or what piece of equipment you manu- 
facture, we can supply the webbing for it. 80% 
of our STANDARD LINE are considered 
“SPECIALS” by other manufacturers and sold 
from their SPECIAL PRICE LIST. That’s 
why it pays to check our STAND- 

ARDS first! Let us send you the facts. 


Send for LITERATURE, SAMPLES, and PRICES 


If possible, send sample for us to match 


BUFFAL 


206 CHANDLER STREET 


We also manufactyre a complete line of WOVEN COTTON 
CONVEYOR BELTS and PURE SHEET RUBBER 


WEAVING AND 
BELTING CO., INC. 


BUFFALO 7, NEW YORK 


for Water, Heating and Air 
Conditioning Systems Decal | 
Now in use by leading manufacturers 
and service prgeatastione. Provides 
standardized pammeonen, absolute 
legibility, and permanency at re- 
—— low cost. Kit includes 474 

ogee assorted over 59 operational 

jects. Easily applied in seconds. 


LUBRI-CAL MARKING KIT 

Takes the Guesswork Out of Lubrication 
An important preventive maintenance 
program. The proper frequency of 
numerals, letters and instruction 
nameplates for identifyin lubrication 
points and required lubricants on 
plant, production and operatin 
equipment. Permanent, tough, oif- 
resistant transfers. 


DECAL MARKING METHOD 

Decal marking for “difficult surfaces” 
Heat, abrasion, weather and many of 
the new industrial surfaces are deadly 
enemies of most product markings. 
But not to new, improved Meyercord 
Decal eg s—types C, G, J and H 
(heat resistant Ask or new brochure. 


the MEYERCORD co. 
Dept. E-318, 5323 West Lake St., Chicago 44, lilinois 
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NEW 
BOOKS 


Automation Systems 


Proceedings of the Second EIA Conference on 
Automation Systems, 1958. Published by Engi- 
neering Publishers, distributed by Interscience 
Publishers, Inc, 250 Fifth Ave, New York. 6% 
x 914, 180 pp. $5. 


These are not technical papers. 
They are, for the most part, a report 
of the status of automation in three 
principal areas: automatic production, 
atomic pewer generation, and data 
processing in business, industry and 
literature research. The sessions of the 
conference were divided into three 
areas: automation within the electron- 
ics industry, automation outside the 
electronics industry, and the eco- 
nomic, educational and social aspects 
of automation. 


Analysis and Control of 


Nonlinear Systems 


Y H KU, Professor of Electrical Engineering, Uni- 
versity of Pennsylvania. Ronald Press Co, 15 E 
26th St, New York 10. 81 x 6, 360 PP, $10. 


This is mathematical 
ipproach to the solution of nonlinear 
control svstems 


essentially a 


The material was de- 
veloped as a graduate course in non- 
linear inalysis and has 120 
problems. 


circuit 
sampl First chapter dis- 
cusses linear and nonlinear systems in 
simple mathematical terms and de- 
velops several methods of solution 
rhe remaining chapters go deeper into 
the problem and cover such topics as 
mechanical vibrations, electrical oscil- 
lations, force, 
damping, singularities, forcing func 


nonlinear restoring 
tions, subharmonics, high-order non- 
linear systems, multiloop nonlinear 
systems, servomechanisms, and a chap- 
ter on nonlinear control of feedback 
svstems 

An extensive bibliography grouped 
chronologically from 1860 through 
1957 (735 


cluded. 


references in all) is in- 


Linear Programming— 
Methods and Applications 


SAUL |. GASS, McGraw-Hill Book Co, Inc, 330 
W 42 St, New York 36. 61% x 94, 244 pp. 
$6.50 

Instead of solving problems with 
only one solution, modern 
mathematical techniques often tackle 


problems with many correct solutions 


correct 


(Continued on page 123) 


Now Rotary Torque Actuation, fully cushioned! 


CART 


ROTARY TORQUE 
ACTUATOR 


Patents Pending 


0—100° 
0—190° 
0—280° 
0—370° 
Stendord 
Rotation 


Pneumatic 
or Hydraulic 


Explore the cost reduction 
you can get with safe, low-cost, Carter Rotary 
Torque Actuators —Now with built-in cushions 
for longer, more dependable performance. 


No by-pass leakage 


Built-in cushions 


Rotation to 370° as 
a ielateielae| 


Positive locking, no 
back-off under ten- 
sion or power failure 


Complete range of 
sizes 


SEND FOR NEW 
BULLETIN 


Bulletin R.A. 500 gives 
complete details and 
specifications on the 
Carter Rotary Torque 
Actuators. Every en 
gineer and designer 
should have a copy 


Send for yours today 
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Proven in thousands of applica- 
tions during the past 4 years! 
The Carter Rotary Torque Actuator 
has opened unlimited new possibili 
ties in design and cost reduction 
Transfer mechanisms, indexing, posi 
tioning, cam actions, valve operation 
and many other applications become 
more effective and economical 


Here is safe, powerful, Rotary Torque 
Actuated by air, oil, water or gas 
Patented seal assures leakproof per 
formance. Internal helical design 
prevents back-off under reverse ter 
sion, shock, vibration or completes 
power failure 


Available in 4, 5, 6, 8, 10 and 12” dia 
meters Special sizes and rotation 
requirements are available. Ask your 
Carter representative or write for all 
the details! 

Complete power package 
units available 


ba ed 


CONTROLS, INCORPORATED 
2884 Bernice Road, Lansing, iil. 
Phones: Lansing -GRanite 4-3305+Chicago—BAyport 1.7186 
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CHECKS 


THAT FILL YOUR NEEDS 


MINIATURE CHECKS 


Mini-Valve Regular Size Valve 

Save weight and space with Mini-Valves. They have same 
rated flow as regular size, but are only 4 the size and 
weight. Good pressure drop characteristics. Temp. range 
65° to plus 400°F. Operating pressure to 5000 psi. One- 
piece stainless steel body, in tube sizes 4 to 16 ('4”" to 
1” O.D.) Meets or exceeds requirements of MS MIL-V- 
25675. Port threading MS33514 flareless. 


FREE-FLOW CHECKS 


Extremely low pressure 
drop, with wide open flow. 
Molded elastomer seal and 
spherical seat prevent 
leakage at any pressure. 
Sizes ',” to 2” in brass and 
aluminum alloy up to 
3000 psi, and stainless steel to 4000 psi. Opens at 2 psi. 
Temp. range -65° to 200°F. Pipe, internal straight thread 
and flared tube connections standard; MS33514 flareless 
available. 


BALL CHECKS 


Ruggedly constructed for 
intermittent non-shock 
hydraulic service up to 500 
psi at temperatures —65° 
to 350°F. Sizes '4" to *4”. 
Brass, aluminum alloy, 
stainless steel. Pipe and flared tube connections. 


HY-PRESSURE 
CHECKS 


Built for continuous serv- 

ice in high velocity sys- 

tems at pressures up to 

5000 psi in steel and stain- 

less steel, and 3000 psi in 
aluminum alloy. Low pressure drop. Metal-to-metal seal. 
Operating temperatures -65° to 250°F. Sizes 1%” to 2”, 
with pipe, internal straight thread and flared tube connec- 
tions. MS33514 flareless available. 


Distributors in principal cities coast to coast 


CHECK RELIEF SELECTOR GLOBE NEEDLE PLUG 





REPUBLIC MANUFACTURING CO. 


15655 BROOKPARK ROAD © CLEVELAND 11, OHIO 
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Silicone Sponge Rubber 
for sealing, gasketing, pressure pads, 
vibration dampening —100°F to 480°F 


Low density COHRIastic R-10470 silicone sponge rubber is 
completely flexible after 72 hrs. at 480°F, shows no brittleness 
after 5 hrs. at —100°F. High tensile, tear and elongation. 
Closed cell construction is non-absorbing. Called out on 
aircraft and electronic drawings and specifications. Available 
from stock in sheets 4,” thru %”, in rod .180” thru .585”. 
Special extruded shapes made to order. 


FREE SAMPLES and folder—write, phone or use inquiry service. 


CONNECTICUT HARD RUBBER 











NEW HAVEN 9 (g D CONNECTICUT 


4 





GP FD QAP 


AIRFRAME SILICONE RUBBER Stu jE RUBBER 
SEALS COATED FABRICS & SPONGE 
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he ADDED lngregp » 
‘ KNOW Hoy 


-- -HAS MADE 


» DUDEK & BOCK 


_ 


WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
that D-&-B’s KNOW-HOW pays 
out in EXTRA performance. Rely 
on expert engineers for parts that 
meet your exact needs and save 
you MONEY! Get Wire Forms, 
Springs and Stampings that are 
easily assembled . . . that 
: withstand stress . . . and 
perform under the most 

trying conditions! 


GpeebY DELIVERY 


WRITE — WIRE — or PHONE 
for Estimates and Delivery Dates — 


DUDEK & BOCK 


SPRING MFG. CO. 


DICKENS 2-1020 4014 W. Grand, Chicago 51, Ill. 
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New Books continued 
—but only one optimum. Linear pro- 
gramming is, of course, such a method. 
This book is for the student, research 
analyst, and mathematician, not for 
the casually interested; unless your 
casual interest runs to complex equa- 
tions. Author interweaves theoretical, 
computational, and applied aspects, 
starting with the fundamentals and 
proceeding through a series of illus- 
trative applications. Much new ma- 
terial, published previously only in 
periodicals or technical reports, is here 
between hard covers: revised simple 
method, parametric linear program- 
ming, and a bibliography of linear pro- 
gramming applications. 


Linear Programming— 
Fundamentals and 
Applications 


ROBERT O FERGUSON, LAUREN F SARGENT, 
McGraw-Hill Book Co, Inc, 330 W 42nd St, New 
York 36. 6% x 94, 342 pp. $10. 


Here, for the first time, is a clear, 
no-nonsense treatment of this promis- 
ing mathematical tool written for 
executives and managers at all com- 
pany levels. It shows why linear pro- 
gramming is a significant advance in 
scientific management . . . how it 
helps in selecting, gathering, process- 
ing, interpreting facts and information 

. where and how management and 
business people can apply it to their 
own problems—and all this without 


going into higher mathematics. The One source, one purchase, one delivery . . . and the 
book is organized into four sections— 


: ae complete bellows assembly is in your hands, ready to 
introduction, methods, application, weal 
(Continued on page 125) : 


Fulton Sylphon® bellows assemblies are custom- 
engineered to your specific requirements, with a one- 
source responsibility behind every component in the 
completed unit . . . and every assembly is pilot-tested 
before it leaves the plant! 





Save the headaches and waste of multiple purchases, 
time-consuming assembling and endless in-plant test- 
ing and supervision with one-source buying: Fulton 
Sylphon complete bellows assemblies. 


@ 


Write for Bellows Catalog CP-1400 


Kobertshaw- Fulton 





CONTROLS COMPANY 
int MS 


“You're sitting on the blast-off button!” | FULTON SYLPHON DIVISION KNOxviLLe 1, TENNESSEE 
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HOW MACHINE TOOLS, POWER UNITS AND OTHER HYDRAULICALLY 
OPERATED EQUIPMENT CAN BE IMPROVED IN DESIGN BY THE USE OF— 


ALMO MANIFOLDS 


1 Faster, less costly installation. All interconnecting of valves 
and controls is prefabricated into the panel (manifold). Result 
is important labor savings in manufacture and installation. 


2 Less service and maintenance. Exposed tubing and piping 
means failures due to accidental blows and vibration. Leaks are 
costly to locate and repair because they mean machine down-time. 


3 Better engineered. Like a printed radio circuit, Almo 
manifolds eliminate trial and error assembly. The machine will 
operate when it is installed because the circuit is the way 
you engineered it. 
































" 4 Better appearance. An orderly panel with valves and 
Front of ponel — Valves and con- Rear of panel —Note toke-offs . Pr “99 Bes 
trols located in orderly fashion. directly to motors ond cylinders controls conveniently mounted and the “‘spaghetti’”’ eliminated . 
Fivid lines are machined in panel. Electric junction box also mounts makes your product not only perform better but look better. 
on manifold 
Manifold cut-a-way. 
Fluid lines are cut e 
in laminations which 
are hydrogen brazed 
together. No leaks for 
the life of the machine. 
Invitation to failure. Exposed 
lines are no longer necessary 
Any size — Any number of circuits 
Write for 
Have you a valve problem brochure ALMO TOOL COMPANY 
0-10,000 P.S.1.? Send us details 11470 Kaltz — Centerline, Mich. 
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HERE'S UNDISPUTED PROOF 
h ‘ - h FROM ENGINEERS WHO KNOW 
alles occ ge up to 25% reduction in piston 
lread travel with Clinton Engines 
: The important thing is that you prove this fact to 
designed | yourself. The features of any engine mean nothing 
: until you have proved them to your own satisfaction 
and believe them to be fact. That’s why Clinton 
.. <ikber : a 
— invites you to make your own grueling torture test 
a LINEMASTER: on any Clinton Engine mentioned below. We want 
you to prove to yourself beyond question that a 
THE H ERC ULES Amarsce's Jootsmitch Lender Clinton Engine lasts longer. Write Clinton to make ar- 
angements for your own personal engine torture test. 4 
Safety-guarded ins y vr . 


Heavy Duty Line 
2 Contact types 
—40 Models 


Don't hold up 


TAKE A LOOK AT THE PROOF FOUND 
IN ACTUAL COMPARATIVE TESTS 








PO fens pesmnce oF the Wienaifm tans of etnias | 


production 





\Clinton B2590, “A” “B” 
schedules for +b MODERN FOOTSWITCH FOR EVERY USE - — | | = 
special-project oe Oe Max. BHP @ 3600 RPM | 9.6 BHP | 9.2 BHP | 9.0 BHP 
designin P + } } - 
We fms ces you Cu. In. Displacement | 25Cu. In. |23 Cu. In. | 23 Cu. In. 
need—right now + 


More than 75 
different models 


Max. BMEP @ 3600 RPM RATING | 84.5 P.S.I. 88.0 P.S.1. | 86.1 P.S.L. 





196.1 P.S.1. | 86.1 P.S.I. 




















in stock Max. BMEP @ 9 BHP @ 3600 we 79.2 P.S.1. 
= Reduction in BMEP @ 9 BHP 8% ‘a Be 
cowie LINEMASTER SWITCH CORP. CLINTON ENGINES CORPORATION 


(Formerly Clinton Machine Company) 


ToD AY! 434 Woodstock Terrace, Woodstock, Connecticut Engine Division * Dept. 174-B © Maquoketa, lowa 
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THE NEW 


SIMPLEX 


A 3/16” or larger O.D. 
Universal Joint featuring: 


Minimum Static Torque Rating of 250 
inch-ounces 


Non-magnetic stainless steel forks 
and bronze ball 


@ New simple 3-part design 
® Minimum back lash 


Newest addition to the Curtis line is the 
Simplex, designed to fill the need for a 
small-size universal joint with a high Static 
Torque Rating. The Simplex is available in 
4,” and larger outside diameter. Made of 
non-magnetic material and incorporating 
a new design inherently strong in torque, 
the Simplex is particularly well adapted to 
electronic instrumentation. 


ACTUAL SIZE PHOTO 


SIMPLEX SPECIFICATIONS 





Catalog Number $3 S$3B $7 





Static Torque 250 | 250 | 200 
Rating - - | Inch- 





o.D. 
Bore 








Total Length 





Max. Angle of 
Operation 
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New Books continued 
and technical appendix. 


For quick 
reference, 


any section can be read in- 
dependently without relying on infor- 
mation in previous chapters for com- 
plete understanding. 


Engineering 
Electromagnetics 

WILLIAM H HAYT JR, Associate Professor of 
Electrical Engineering, Purdue Univ. McGraw- 


Hill Book Co, 330 W 42nd St, New York 36. 
9 x 6, 328 pp. $8.50. 


The author’s primary objective is 
development and understanding of 
Maxwell’s equations. The book is 
meant as a text for a junior-level, in 
troductory course in electric and mag- 
netic fields. 

The material includes electrostatics, 
the steady magnetic field, time-varying 
fields and Maxwell's equations, and 
concludes with a number of examples 
illustrating the applications of Max- 
well’s equations. Vector analysis is 
used throughout. Problems are pro- 
vided at the end of each chapter. 

Typical topics covered are Cou 
lomb’s Law, Gauss’ Law, capacitance, 
mapping, Poisson’s and _ Laplace’s 
equations, charged particles in electro- 
magnetic fields. 


Computer Applications 


Proceedings of the Fourth Annual Computer 
Application Symposium, Oct 1957. Armour Re- 
search Foundation of Illinois Institute of Tech- 
nology, MF: CA4, 10 W 35th St, Chicago 6. 
9 x 6, 126 pp. $3. 


This paper-covered book is essen- 
tially a series of papers describing 15 
actual applications for computers. 
Typical are: inventory control, trans- 
portation facilities, air defense, elec- 
trical machining and system design, 
study of fluid flow, dynamic system 
analysis and program for scientific 
problems. 


Electrical Construction 
Materials and Equipment 
List 

Underwriters’ Laboratories, Inc, 161 Sixth Ave- 


nue, New York 13, 5 x 9, 422 pp and 383 pp, 
respectively. 


This List (May 1958) contains 
summaries of reports on electrical 
equipment which has been examined 
with reference to fire and accident 
hazard and for conformity with pro- 
visions of the National Electrical Code 
applying to its installation and use 
Attention is called to the current and 
voltage limits and classifications, mark- 

(Continued on page 126) 


= 
- 
LINE 


in Viton A, Vyram, Polyurethane, 
and other unusual elastomeric 
materials having excellent re- 
sistance to many petroleum oils, 
synthetic lubricants, fuels, 
phosphate and silicate ester 
fluids—in a temperature range 
of —40° to + 500°F. 


LINEAR—Specialists in close- 
tolerance molding in all of to- 
day's modern polymers... in 
both fabric reinforced and 
homogeneous materials. 


These are low friction seals. For 
further help, call the LINEAR 
engineer. 


. BRER 


Lin iNEA e Are 


LINEAR c TATE ROA 


CIRCLE 185 READER SERVICE CARD 125 








. 
‘ 


FASTENERS 


Comments of regular users of HUCK FAS- 
TENERS tell the story. 


“70% saving in our assembly cost”. 
“50% faster than previous methods”. 


“We use them wherever possible be- 
cause of their strength and sealing 
qualities”. 


‘*Every fastener is automatically 
“torqued” identically”. 


“They don’t slip, strip or wear loose”. 


Thousands of smart manufacturers have dis- 
covered that HUCK fasteners are truly the 
BETTER way to do their fastening job. 


So mechanically predetermined is the result 
of the HUCK fastening system that unskilled 
operators can produce professional grade 
work almost immediately, at up to thirty 
fasteners per minute. Materials, sizes and 
head styles to meet your specific requirements. 


Give us your fastening problems, our years of 
experience are at your 
service. 





Oe LA 


leteetinee 





DRW 


9SP 


os 


CLBT 


MANUFACTURING COMPANY 


2480 BELLEVUE AVENUE + DETROIT 7, MICHIGAN * Phone WA. 1-6207 
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New Books continued 


ings, and special descriptions. ‘Tests 
involving currents, voltages, and horse- 
power higher than those indicated in 
the List are usually to be considered 
as outside the practical range of re 
view by Underwriters’ Laboratories. 

Local authorities having jurisdiction 
should be consulted in all cases as to 
the particular requirements covering 
the installation and use of the devices 
and materials listed. 


Nonlinear Control Systems 


ROBERT L COSGRIFF, McGraw-Hill Book Co, 
330 W 42nd St, New York 36. 9 x 6, 328 pp. 
$9. 


‘his unique textbook is one of the 
first to treat in detail the many non- 
linear phenomena which arise in the 
area of control systems. The reader 
does not need an extensive back 
ground. All mathematics bevond cal 
culus is developed in the text. 

The general topics covered in 
clude: introductory theories of con 
trols with open and closed loops, 
linear systems, frequency response, 
stability criteria, small-signal theory, 
linearization of nonlinear systems, 
phase-plane analysis, frequency re- 
sponse and nonlinear systems, periodic 
coefficients, statistical methods, and 
logic circuits. 


Cellulosics 


WALTER D PAIST. Reinhold Plastics Applica 
tions Series. Reinhold Publishing Corp, 430 
Park Ave, New York 22. 51% x 8/2, 270 pp 
$5.75. 


The many possible formulations of 
these versatile plastics allow a wide 
range of properties—from water-resist- 


ant to water-soluble . . . from soft to 
hard . . . from thermosetting to 


(Continued on page 131) 
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"I'm beginning to have some doubts concern- 
ing your loyalty to the firm, Henshaw. 
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Barden Precision 206H5DB bearings as used in a computer storage drum 


How to design BARDEN Precision into your product 


Bali Quality Integrator, a Barden 
quality control instrument, measures 
performance characteristics of balls 
used in Barden Precision bearings. 
Developed by Barden for its own 
functional testing, the Ball Quality 
Integrator has set a standard for 
precision bali quality 


SPECIFY BARDEN PRECISION BALL BEARINGS FOR 


Effective computer storage drum performance 
depends on extreme accuracy in location of 
the rotating drum surface in relation to the 
magnetic pick-offs. Maximum allowable drum 
runout is commonly .0001”. 


The 206HSDB and other Barden Precision 
matched duplex bearings—including minia- 
ture sizes— provide the low eccentricity and 
low non-repetitive runout, as well as the rigid- 
ity, smoothness and long life demanded by 
this precision application. 


You can design Barden Precision into your 
product by calling on Barden at the early 
design stages to help select the bearings you 


need to meet your specific demands for 
precision performance. 


Your product needs Barden Precision if it has 
critical requirements for accuracy, torque, 
vibration, temperature or high speed. For less 
difficult applications, Barden predictable per- 
formance can cut your rejection rates and 
teardown costs. 


From research and design, through quality 
controlled production, functional testing and 
application engineering, each Barden Precision 
bearing is planned for performance. Barden 
Precision means not only dimensional ac 
curacy but performance to match the demands 
of the application. 


THE IBAARDEMNM corporation 


77 E. Franklin St., Danbury, Connecticut » Western office: 3850 Wilshire Bivd., Los Angeles 5, California 


INSTRUMENTS © COMPUTERS AND RECORDERS © AIRCRAFT ACCESSORIES * MACHINE TOOL AND TEXTILE SPINDLES * OTHER PRECISION APPLICATIONS 





Which of these 
SKF bearings 


fits the needs 
S0SF continually produces all of these . 
standard bearings—in countless sizes and of your design? 


variations—in production quantities. 
And practically all of them have exclusive 
features that benefit you. 























Take the spherical roller bearing, for example. 
Recently re-designed, it now offers 25 to 50% 
increased capacity and 2 to 314 times 

longer service life. Yet it’s a standard Sts 
bearing—promptly available in over 130 
standard sizes ranging from 2.4” to 53.5” O.D., 
with every possible combination of seals, 
shields and adaptors to 
meet your specifications. 


But why not get full 
details on this—or any 
other— 0S bearing? 
Each is made to do an 
efficient, economical job 
for you. Call any one 

of the 25 S0S sales 
offices today. 5906 
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GF 
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: Spherical, Cylindrical, Ball. and “Tyson Tapered Roller Bearings 





* REG. U.S. PAT. OFF. 
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LK and STEELFLEX are Registered Trademarks 


Cut disconnect-reconnect time 


by as much as 50% EASY AND QUICK TO INSTALL, 
DISCONNECT OR RECONNECT 


The FALK Spacer Coupling is specially designed for quick installation or First, mount shaft hubs to allow proper 
distance between hubs; then, align driv- 


removal without disturbing the driving or driven unit. This feature can save ' . ; 
ing and driven units. 


t in disconnect-reconnect time wh ritical i —_ 
you up to 50% in disco ect time when critical equipment Recuah, commen Gncset telat 
between hubs and tighten cap screws to 
pull spacer hubs into the registered fit. 


G@ process pump, for example—needs repair or replacement. 


Here's another saving: with the FALK Spacer Coupling, you can quickly 


, , , To disconnect, reverse the second step. 
realign shafts without the usual loss of operating temperature! iP kgs ti : — 


No draining of lubricant necessary. 
And still another: you can remove or reinstall the FALK Spacer as a unit 
without draining the lubricant. 


Because of its exclusive grid-groove Steelflex design, the FALK Spacer 
can accommodate residual misalignment—parallel, angular, or (most 
important) both. Also, it provides torsional resiliency that cushions shock 


and vibration. Thus it saves wear-and-tear on your connected equipment. 


To prove these claims and enjoy these savings, install a FALK Spacer The heart of the FALK Spacer 
.. the basic Type F Steelflex 


Write for Service Manual 4838 


on one application—and see for yourself. Consult your FALK Representa- 
tive or Authorized Distributor. 


THE FALK CORPORATION, MILWAUKEE 1, WISCONSIN 
MANUFACTURERS OF QUALITY GEAR DRIVES AND FLEXIBLE SHAFT COUPLINGS 
Representatives and Distributors in many principal cities. 


...0. good name in industry 








Soups On 


in exactly two minutes. . :7 


and the Ghef is « 


MILLER-HARRIS 
Automatic Timer Control 


designed for the famous 


Combination Soup and 
Food Counter Kitchen 


To heat soup, knob is turned 
to the right. Two minutes 
later, timer cuts off cur- 
rent and buzzes. To heat 
chili or beans, knob is 
turned to the left. Timer 
cuts off heat in 24% min- 
utes, waits a half minute 
for heat to be absorbed, 
then buzzes until food is 
picked up 


MILLER-HARRIS makes 
a complete line of buzzer 
timers 


30 BASIC MODELS 


of MILLER-HARRIS TIMERS 


offer Better Timing for Your Product too! 








* Hundreds of adaptations from existing units 
* Complete engineering service 


® Volume production — Speedy delivery 





Model 116 Got a timer control problem? For a 
net. fast, low-cost and correct solution, let 
Miller-Harris specialists put their years 
of experience to work for you. Miller- 
Harris controls are standard equipment 
on many of America’s best known, 
best-selling products. 
? Whether you need a “standard” or 
Push ane ie ated. “Special” timer, you’ll find many qual- 
Fixed time cycle. ty and cost-saving advantages in the 
bigger, better selection of Miller-Harris 
time controls. 
Write or call today! We’ll be glad to 
discuss your timer needs, at no obli- 
gation. 








Model 100 
Panel mounting timer 


Many other types of timers available. Send 


wut Zonns > for illustrated Miller-Harris brochure. 


MILLER-HARRIS INSTRUMENT CO. 


609 EAST ODGEN AVENUE bd MILWAUKEE 2, WISCONSIN 
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P.P.S: 














KALE 
NW’ You receive 


4 / O6 0/'0@ Y/ Personalized Packing 





Service at Searle. 
We are specialists 
in solving problems. 
Let us help you 
solve yours? 







Write for our complete 
4) illustrated catalog: 


ade Leather & 
Packing Ca. 


2105 NO. MARIANNA AVE., LOS ANGELES 32, CALIF. 


Sales Representatives: W. E. SCHONBERG & ASSOC., Minneapolis 8 . sitco 
EQUIPMENT CO Kansas City 15 + BUCKEYE RUBBER & PACKING CO 
leveland 6 a. A. L. OWENS, Atianta 3 
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STANDARD EQUIPMENT 


on thousands of machine tools 











Cost only a few dollars—ADD MANY 
DOLLARS TO EQUIPMENT VALUE 


NYLON 


FOSTORIA «oon 
LOCALITES 


the Precision Light for Precision Seeing 


Provision for fast, accurate operator “see- 
ing” efficiency is vital in machine tool 
design. Fostoria Localites provide instantly 
controlled, high intensity precision lighting 
of the work zone area. Frictional arm and 
collar disc joints give flexibility of a thou- 





Available in 4. . ~ 
many standard sand positions to direct light exactly as 


models or needed. Rugged construction, heavy duty 


pecificall 4 - ( 
dodaned in socket, Levolier switch, SPT-2 18/2 rip cord 
production wiring. Reflector types and arm lengths for 
quantities 


any application. Request full information. 





WRITE for complete cata- a ‘ 
log of Localites for 
every industrial use. \ 

\ 4 


THE FOSTORIA PRESSED STEEL 
CORPORATION, FOSTORIA, OHIO 
Localites are available through 
wholesalers everywhere. 





for Light ON the Job 


oS Puoe 
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New Books continued 
thermoplastic. This feature 
prompted application of cellulosics in 
such widely diverse products as fibers, 
films, protective coatings, adhesives, 


thickening agents, paint removers, 


laundry compounds, baking goods. De- | 


tails of such applications get an ex- 
tensive treatment in this book and 
should help readers decide if their 
needs could be filled by a member of 
this family. Introductory chapters out- 
line chemistry, properties and fabrica- 
tion methods. 


Low-temperature Physics 
and Chemistry 


Edited by JOSEPH R DILLINGER. University of 
Wisconsin Press, 811 State St, Madison, Wis. 
612 x 9, 676 pp. $6. 


Antarctic exploration, outer space 
rockets, and new electronic devices are 
making publications like this one en 
gineering references rather than library 
tomes. As applications of crvogenics 
(PE—Dec 2, ’57, p 16) boom, de- 
mand for data on liquid helium, super 
conductivity, and related topics also 
increases. This king-size volume pro 
vides plenty of answers on specific 
heat of solids, thermoresistivity, para 
magnetism, magnetic susceptibilities, 
and the like. Though the papers are 
a vear old (presented at the Fifth In- 
ternational Conference on Low Tem- 
perature Physics and Chemistry held 
at the Univ of Wisconsin in Aug 
1957), the book is still worth having. 


has | 


MICRO-PROCESSED 
FOR EXTRA 
RELIABILITY! 





Micro-processed |-S beryllium cop 
per compression springs, being non 





magnetic and corrosion resistant, 
and having good electrical conduc 
tivity, are exceptionally well suited 
for critical applications. Undesirable 
internal stresses are removed dur 
ing heat treatment resulting in bet 
ter current carrying capacity, lower 
drift and higher endurance life. The 
exclusive process by which |-S 
Micro-processed springs are manu 
factured make it possible to fulfill 
the most exacting specifications in 


Beryllium Copper Springs 


Call or write for 
1-S catalog 
including data on: 


e COMPRESSION SPRINGS 

e FLAT SPRINGS 

e STRIP SPRINGS 

e CONTACT RINGS 

e CONTACT STRIPS 

e SCREW MACHINE 
PRODUCTS 


FOR FURTHER 
INFORMATION 


SEE OUR 
CATALOG IN 


SWEET'S 
e/a 


all respects. Unusually close toler 
ances are held on diameters rang 
ing from .020” to 1.00” ID. Labora 
tory certified beryllium copper wire 
in standard B & S gages from .0025 
to .072” with a tensile strength of 
over 200,000 psi is used in producing 
1-S Micro-processed springs. Close 
quality control is maintained to in 
sure correct spring rate and load 
requirements 


INSTRUMENT 
SPECIALTIES 
CO-INC 


234 Bergen Bivd. fa S| 
Little Falls, N. J.owern™ 


Telephone: CLifford 6-3500 
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BEV Ei. 
SEA Es 


Designers can now re-consider the 


use of bevel gears—due to the latest 
Gleason coniflex system of bevel 
gear proportions which we em- 
ploy—to minimize gear mount- 
ing problems and for less 
trouble after assembly. Costs 
are less by this method, better 
finishes and smoother gear 
operations are a result, and 
because bevel gears are so 
efficient, they can now be used 
more extensively than ever 
before. 


Experimental Study of an 


Aerodynamic Rectifier 


FREDERICK O. WOOTEN, PB 131383, Office of 
Technical Services, Dept of Commerce, Wash- 
ington 25, D.C. 82 x 11, 31 pp, $1. 


Design and principles of operation 
of an aerodynamic rectifier, using air- 


~*~ 


foil design, and having no moving 
parts, are presented. For a pressure 
drop of 1 psi, it is said to be possible 
to 10 much 
flow in one direction as the other. 


We can make bevel gears up to 

3” in diameter with up to 16 di- 

ametral pitch for ie 4 products 

as instruments, power tools, dif- 
ferentials, onplenans, and fish- 
ing reels. Process bevel gears are 
precision engineered, deliveries 
are prompt. 


achieve times as 


mass 


~ AA ehAy > 


Electrical Machinery 


CLIFFORD C CARR, Prott Institute. John Wiley 
& Sons Inc, 440 Fourth Ave, New York 16. 
6 x 9, 537 pp, $9.25. 


This book provides a coordinated 


Ohi, 


Send bive prints or specs for prompt estimates to the 


specialists in the Fine Pitch Field. 
presentation of electrical machinery 


including transformers as well as both 
de and ac machines. ‘The approach is 
to establish that machines 
are primarily for the conversion of en- 
ergy. This is followed by 


i ¢ in 


lel et tt) GEAR COMPANY 
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electrical 


an analysis 


(Continued on page 132) 
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simplify 
your 
designs! 


National Retaining Rings have effected important 
economies in a wide range of applications from 
heavy duty machinery to toys. Elimination of 
machining, threading, nuts and cotter pins are 
typical advantages. In many applications, reduced 
space and weight requirements and substantial 
savings in material can be accomplished with 


these easy-to-install retaining rings. 


NATIONAL 
RETAINING RINGS 









The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 
NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN 








ROTARY PUMPS 


FOR 
MANUFACTURING AND 
PROCESS INDUSTRIES 


Capacities .3 to 300 GPM 
Pressures to 1000 PSI 


A complete line of large and small 
standard pumps for hydraulics, pres- 
sure lubrication and general transfer. 
Special and custom pumps to order. 


Send for Bulletins Today 





Roper Hydraulics, Inc. 
392 Blackhawk Park Ave. 
Rockford, Iilinois 
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For reduction in noise and 
play in ball bearings, con 
sider SCHNORR Disc 
Springs “‘K” (not shown 


SCHNORR 
Disc Springs 
Outlast 
Others... 


Creeping, initial settling and gradual 

fatigue are eliminated when you use 

SCHNORR Disc Springs. Under ormal 

loads, they provide unlimited life 

SCHNORR Disc Springs offer other ad 

vantages 

@ Exact adjustment. One size provides 
different pressures and deflections 
insures exact adjustment to the de 
sired pressure 
Spring pressure, length and defle« 

tion are easily altered for the same 
spring size by lengthening, shorten 
ing or multiple stacking the spring 
columns, 





@ Space-saving, Power concentration in 
small space 

@ Great shock absorption, minimal after 
oscillation A large degree of ir 
herent and impact damping_assured 


Most sizes available from stock 


FREE! Get data on 
SCHNORR Disc Springs 
ww Write today 


ersprcmm KARL A. NEISE 
LET eTTTT] be Det. PE-29, 404 4th Ave. 
New York 16, N. Y. 


Agents Wanted 
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New Books continued 
of the application of basic electrical 
phenomena to perform the desired 
conversion. Then the types of machine 
construction most commonly em- 
ployed are discussed. 

Topics covered include types of 
windings, voltage relations, magnetic 
field relations, energy losses, energy 
flow, efficiency, ratings, and basic 
torque relations. Applications of these 
basic principles and detailed perform- 
ance analysis of the different machines 
are also covered. 


Annealing of 


Low-carbon Steel 


American Society for Metals, 7301 Euclid Ave, 
Cleveland 3. 81/2 x 11, 138 pp. $7.50. 


Low-carbon steels, with their low 
formability, make up the 
bulk tonnage of engineering materials. 
l'o fabricate these steels by cold-bend- 


cost and 


ing, stamping or drawing they must 
first be annealed for maximum work- 
ability. This report on the Interna- 
tional Symposium on Annealing Low 
Carbon Steel is worth its cost because 
it covers so many aspects of annealing. 
These include: effect of hot-working 
and cleaning on final properties, 
quench and strain aging, anisotropy, 
annealing cycles on mechanical prop- 
erties, economics of annealing. Its 
wide treatment of this important 
manufacturing step also makes it val- 
uable to those who specify materials 
OT processes. 


Electron Tubes for 


Critical Environments 


PB131852. Office of Technical Services, Dept of 
Commerce, Washington 25, DC. 8 x 11, 219 
pp. $3.50. 


A major study, and a valuable one, 
that names names (of tubes and mate- 
rials tested) and charts data obtained 
through surveys, interviews and ques- 
tionnaires. It’s a compendium on “the 


(Continued on page 133) 








” 


"I call it digital computing. 








Re, alee audks cn ae continued 


present state of development of elec- 
tron tubes for operations at tempera- 
tures up to 500 C at high levels of 
shock and vibration and in nuclear 
radiation,” and it lives up to its name. 
Particularly valuable are the sections 
on new materials. 


Technical Drawing, 
4th Edition 


FREDERICK E GIESECKE, Alva Mitchell, Henry 
Cecil Spencer. Macmillan Co, 60 Fifth Ave, New 
York 11. 7 x 10, 844 pp. $10. 


This new edition covers the basic 
techniques in technical drawing and 
incorporates the latest standards and 
practice including the ASA Y-14 draft- 
ing standards. Over 700 new illustra- 
tions have been added. 

New sections include ‘Technical 
Terms” and “Do’s and Don'ts of 
Practical Design.” The new appen- 
dixes incorporate the latest tables and 
include the new ASA tables of metal 
fits. The chapter on “Engineering 
Graphics” is new and treats various 
methods of graphical computation, 
including nomography, arithmetic and 
algebraic solutions, and the graphical 
calculus. 


Introductory Graphics 


J NORMAN ARNOLD, Purdue University Mc- 
Graw-Hill Book Co, 330 W 42nd St, New York. 
7 x 10%, 543 pp. $7.75. 


Graphical solutions to engineering 
and mathematical problems are em- 
phasized. The book is divided into 
three parts: Graphical Equipment and 
Its Use; Graphical Representation; 
Solutions of Problems. 

Material is divided into representa- 
tion and solution of problems which 
are then divided into physical objects 
and data phenomena. Examples are 
presented in the form of problems 
with solutions alongside. Over 900 il- 
lustrations are included plus a special 
appendix with tables and data useful 
in drafting practice. 


Chemical Compositions 
and Rupture Strengths of 
Super-strength Alloys 


W F SIMMONS and V N KRIVOBOK, American 
Society for Testing Materials, 1916 Race St, 
Philadelphia 3. 6 pp, 8/2 x 11. $0.75. 


This title is misleading. The alloys 
in this compilation are in actuality 
high-temperature alloys. This handy 
reference chart gives a complete listing 
of US and foreign high-temperature 


(Continued on page 135) 








NOW, A STANDARD LINE OF 





DUFF-NORTON WORM GEAR JACKS 


The economies of standardized production now can be realized by 
machinery designers who use Duff-Norton worm gear jacks for accurate 
positioning of loads weighing as much as several hundred tons. After 
25 years of experience and hundreds of custom designs, Duff-Norton 
engineers have produced a standard line of eight jacks ranging from 2 to 
100 tons in capacity which will meet almost any requirements. When 
jacks are used in an arrangement, added economy can be realized in 
raising unevenly distributed loads, since all models now have a uniform 
raise which permits jacks of varying capacities to operate in unison. 

Worm gear jacks are purely mechanical devices, and they can hold 
heavy loads in position indefinitely without any creep. Functioning as 
components of machinery or equipment, they can raise or lower loads, 
apply pressure or resist impact. Worm gear jacks can be furnished with 
raises up to 24 inches, and they will provide exactly the same raise for 
years without adjustment. 

Thousands of these jacks are in use on feeding tables, tube mills, 
welding positioners, pipe cut-off and threading machines, testing equip- 
ment, aircraft jigs, loading platforms, rolling mills, conveyor lines, 
and numerous other types of equipment. If you have a positioning 
problem, write for complete information, requesting Bulletin AD-66-DD, 
which includes drawings and full specifications. 


DUFF-NORTON COMPANY 


P.O. Box 1889 «¢ Pittsburgh 3O, Pennsylvania 
COFFING HOIST DIVISION : Danville, Illinois 
DUFF-NORTON JACKS COFFING HOISTS 
Ratchet » Screw DUFF-NORTON Ratchet Lever 
Hydraulic * Worm Gear = Hand Chain « Electric 
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Atiit-Cackch 
SPEED REDUCERS 


i Small in size 
 Ready-to-go 

in your product 
Quick delivery i 





@ Backlash only 15 minutes 
or less at lowspeed shaft 





®@ Speeds up to 10,000 rpm 
at highspeed shaft 


Up to .013 HP at | d Cm Stratics 
© Upto. at lowspee - ratios 
shaft 4 4 ’ 


Save on your design, 
production, and assembly 
costs by ordering 

these ready-to-go miniature 
components for your 
product. 


CLASS B— 
49 ratios 
up to 

729 to 1 















CLASS C— 
WRITE 122 ratios 

for Bulletin upto. 
4100 CLASS D—232 ratios up to pints 


531,441 to 1 (not shown) 


INSTRUMENT COMPANY 
444 Lincoln S$t., Denver 3, Colo. 









DISTRICT OFFICES « NEW YORK « CHICAGO 
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HIGH FREQUENCY 


«HEATING 


HARDENING 
SOLDERING 
ANNEALING 
MELTING 
BRAZING 


LEPEL Electronic Tube 
GENERATORS —1 KW; 2'2 KW, 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW 
75 KW; 100 KW 
LEPEL Spark Gap Converters 
2 KW; 4 KW; 7'2 KW; 15 KW; 30 KW 


FOR THE NEW LEPEL CATALOG 36 strated poges 
packed with valuable informat 


pment is certified ¢ comply with the 


f the Federal Communic 


Com mission 





LEPEL HIGH FREQUENCY LABORATORIES, INC. 


SSth STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CiTy, NY 






e/ectric motion 
contro/ 


automatic 


drag 
brake 


for 
intermittent 
use 


Do you have the problem of putting constant or variable 
tension on material in process—or a compensating drag load 
on shafts or spindles? A Warner electric brake will produce 
intermittent slippage and perform these functions automati- 
cally. The electromagnetic principle solves any problem of 
actuation, and a simple potentiometer control permits you 
to modulate torque output steplessly for producing exactly 
the right slippage for any job. Write for Catalog No. 6292 


Ce 
WARNER Warner Electric Brake & Clutch Co. 


ee” Beloit, Wisconsin 
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First. choice of the rocket 
and missile industry... 





Three superlative Marsh products 
are widely used and approved by 
the aircraft and missile industry: 


MARSH Pressure Gauges... 


because they combine the most advanced 
features ever found in pressure, vacuum and 
compound gauges. There is a Marsh Gauge 
for every conceivable application. 


MARSH Needie Throttling Vaives ... 
because they are guaranteed to give micro- 
meter regulation at HIGH pressures— 
pressure up to 10,000 psi—and any temper- 
ature up to 500° F. 

MARSH Dial Thermometers... 
because they offer the precision and accu- 
racy a precision industry demands. Most 
complete line; wide temperature ranges, dial 
sizes, patterns, finishes. 


All Marsh products available with AND threads 


© MARSH = 


MARSH INSTRUMENT CO, Soles Affiliate of Jas. P. Marsh Corp Dept. 39, Skokie, tll. 


Marsh Instrument & Valve Co., (Canada) Ltd., 8407 103rd St., Edmonton, Alberta, 
Canada. Houston Branch Plant, 1121 Rothwell St., Sect. 15, Houston, Texas 
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New Books . .......continued 


alloys and their rupture properties 
from 800 to 1800 F. One caution, 
however: the data are only given as a 
guide and not to be used for design 
purposes. Nevertheless, the data are 
very useful for comparative purposes. 


Conference on Extremely 


High Temperatures 


Edited by Fischer and Mansur. John Wiley & 
Sons Inc, 440 Fourth Ave, New York 16. 81/2 
x 11, 258 pp. $9.75. 


Ultrahigh temperatures are rapidly 
moving out of the laboratory and mis- 
sile field, and into general industrial 
use. Welding and metallizing “guns” 
that operate at 10,000 F and more are 
coming on the market, and explosive- 
actuated devices are finding increasing 
application. That makes this confer- 
ence report of interest to engineers in 
a wide range of fields. The talks here 
are scientific ones, dealing with pro- 
duction of hot gas plasmas, tempera- 
ture measurements, and such applica- 
tions-of-the-future as plasma “‘motors”’ 
and thermonuclear propulsion. But 
they are well prepared, liberally sup- 
plied with references, and provide a 
good background and introduction. 


Nuclear Engineering 


Edited by HAROLD ETHERINGTON. Published 
by McGraw-Hill Book Co, 330 W 42nd St, New 
York 36. 6% x 9% x 2. $25. 


\ worthy addition to the McGraw- 
Hill series of handbooks that now in- 
cludes more than half a hundred titles, 
this weighty volume contains much 
that is useful to the nuclear specialist. 
More than 70 contributors have pre- 
pared articles on topics ranging from 
automatic computers to radioactive 
isotopes. Especially interesting are the 
sections on heat transfer and fluid 
flow and on control instruments and 
drives. In addition, of course, there are 
the usual mathematical tables and 
many charts of neutron cross-sections 
and other data of specific interest to 
the nuclear engineer. 


Handbook of Physics 


Edited by E U CONDON and HUGH ODI- 
SHAW. McGraw-Hill Book Co, 330 W 42nd St, 
New York 36. 7 x 10, 1504 pp. $25. 


This monumental volume deals 
with the principles, ideas, concepts, 
and advanced mathematical methods 
of all branches of classical and mod- 
ern physics. It provides concise 
answers to hundreds of questions in 


(Continued on page 137) 
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This is the eld grind at 


ALLEN 


A quarter of a million square feet of space in the great new Allen plant is 
devoted to precision fasteners — and much of it houses batteries of the 
latest, high-speed automatic centerless grinding equipment. Here you see a 
close-up of the grinding section set up to produce dowel pins at the rate of 
one a second per machine. 

Allen's vast new facilities assure constant standards of uniformity ac 
curacy, strength and fit, many of which are duplicated nowhere else. Now 
there’s more reason than ever to make Allen your Buy-Word for socket 
screws, keys, pipe plugs and dowel pins. 


Speaking of dowel pms specify Alle n for great stre neth whe re you need it 
most, Made of Alle noy stee l, they’re surface hardened to 62-64 Rockwell C. Core 
hardness 47-53. Case depth .010” to .020”. Shear strength from 160,000 to 
180,000 psi. Precision-ground to +.0001”, with a mirror finish of 6 RMS max. 

In stock at your Allen Distributor . . . in dias. 

from 1%” thru 1” . . . lengths from 44” thru 6”. 
Also in two standard oversizes — .0002” for press 
fit, .001” for repairs, For more details, ask your 
local Distributor, or write directly to the Allen 
Manufacturing Company, Hartford 1, Conn. 


"Ex-SOCKST SCREWS 











NEW DRY TYPE AIR FILTERS 


for engines, compressors, blowers 
and other industrial applications 


@ Designed for specific 
applications, the new 
Air-Maze Dry Type 
filter is particularly 
suitable where 1.) oil 
free air is required, 2.) 
an extremely high 
degree of filtration is 
required, 3.) the air 
velocity varies from one 
period to another and, 4.) the dirt concentration is 
relatively low, except when vibration is present to help 
dirt removal. 

The Air-Maze Dry Filter is one of the most efficient 
mechanical type filters available. Laboratory tests indi- 
cate better than 98% efficiency with particles of 2 micron 
mean diameter and practically 100% efficiency with 
particles of 5 microns or larger. 

The Air-Maze Dry Filter type DA employs a special 
highgrade felt filtering media arranged in deep pleats 
to provide extended area, and armored on both sides by 
heavy galvanized cloth. Heavy gauge perforated tubing 
inside the media and a metal strap on the outside form 
a rigid unit of great strength and are corrosion pro- 
tected. Made in sizes from 20 cfm to 6650 cfm. Catalog 
DA-1056 available. Write AIR-MAZE CORPORATION, 
Cleveland 28, Ohio. 
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DIMCO-GRAY Stock plastic 
KNOBS...HANDLES 





NO TOOL CHARGE! 


Wide selection of stock knobs, han- 
dies and plastic parts available without 
tooling cost to you! Many minor changes, 
(color, design, inserts, threads, special 
materials, etc.) can be made to meet your 
requirements. 





WRITE FOR THIS 
COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 


XTH STREET . oy: S Ole), my mum e). 118) 
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can you use this 
miniature d-c motor 





COLMAN 
in your product ? 





gery TENE EE 





b 


inexpensive, yet high in 
quality, this compact governed d-c motor is available in 
speeds from 1500 to 5000 rpm. Designed to operate over 
a voltage range of about 4 to 30 volts d-c, it is ideally 
suited for many applications such as: drive mechanisms 
in photographic equipment . . . marine navigation equip- 


ment . . . portable dictating machines . . . signal-seeking 
radios ... tape players . . . and many types of portable 
instruments. Is this the answer to your design problem, too? 


WRITE FOR BULLETIN F-8792 for specifications and 
performance data. 


BARBER-COLMAN COMPANY 
Dept. N, 1812 Rock Street, Rockford, Illinois 
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Only 7 to 10 Minutes to Renew 
Service Life a New Gate Valve 


4 pti 





Replace seat rings in Fairbanks patented Renewable Seat 
Ring Gate Valves without removing valve body from line. 
For the first time in valve history, you can replace the seat rings in 
a renewable seat ring gate valve, under all normal conditions, in less 
than 10 minutes, using just a screw-driver and with the valve body 
still installed in the line through an exclusive and patented develop- 
ment of The Fairbanks Company. 

Fairbanks new 200 pound steam working pressure gate valves, avail- 
able in sizes 42” through 2” in the rising and non-rising stem 
construction, have been field tested for over two years under all 
conditions from steam to corrosive liquids and have proven com- 
pletely satisfactory—absolutely dependable. 

FREE: Brochure, complete with details and specifications, yours 
without charge. Write today. 


® THE Ff ' b 
Girbank ss cove 


393 Lafayette Street, New York 3, N. Y. 
Branches: New York 3 + Boston 10 « Pittsburgh 22 » Rome, Georgia 
Valves « Trucks + Casters « Wheels « Dart & “PIC” Unions 
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mold reactor 
fuel elements in 
precision glass 





. .continued 


New Books 


the various areas of physical science. 
In addition extensive bibliographic 
references guide the reader to detailed 


literature on the many topics treated. 


Emphasis is on the principles and 
mathematical techniques. The main 


sections cover mathematics, mechan- 


ics of particles and rigid bodies, me- 
chanics of deformable bodies, elec 
tricity and magnetism, heat and 
thermodynamics, optics, atomic phys- 
ics, physics of the solid state, and 
nuclear physics. Each chapter is the 
work of an authority in the field. Dr 
Condon is the Wayman Crow Pro 
fessor of Physics at Washington Uni- 
versity in St. Louis. He is also former 
Director of the National Bureau of 
Standards. Hugh Odishaw, formerly 
Assistant to the Director of NBS, is 
now Executive Director of the United 
States National Committee for the 
International Geophysical Year 





Current 
Reprints 





While the supply lasts, single copies of 
the following reprints are obtainable by 
using the Reader Service Card 
Stress Considerations for Safe Design 
Graphical method determines safety factors 
when fluctuating loads are superposed on ex 
isting stresses. Feb 16 Circle E 68 


When Air Is the Coolant 

How to estimate whether the assembly will run 
too hot—and whether or not air can cool it 
Feb 16 Circle E 67 
For Faster Reading 

Five steps to improve your reading speed—com 
bined reprint of six-part article. Circle E 6¢ 
Linkages by Graphical Synthesis 

Design of 4-bar linkages to generate specifi 
functions. Feb 2 Circle E 65 
Product Design at -300 F 

Planning for products that must handle ligue 
fied-air gases. Feb 2 Circle E 64 
Solution by Analogy 

What makes analog computers different from 
digital types? Jan 26 Circle E 63 
Roll Cams—Stop and Go on Demand 


Graphical method for designing simple mech 
anisms that give a prescribed motion when 
triggered. Jan 19 Circle E 62 


Which Fhp Motor for the Job? 


Applications and costs charted for a simpler 
way to pin down the right electric motor 
Jan 19 Circle E 61 


(Continued on page 139) ' 
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LUCAS- 
MILHAUPT 


SILVER 
BRAZING 
PREFORMS 











In addition to round and 
flat wire rings, blanked 
and edgewound washers, 
lucas -Milhaupt provides 
@ complete line of pre 
forms which include such 
shapes as elliptical, rings, 
hinged rings, segments, 
slugs, U clips, hairpins, 
etc 

Send your drawings or 
sample part and the 
proper preform will be 
designed to do your braz 
ing job faster at less cost 


Preforms in any size 
or shape thet... 


End Wasted Time In 
Placing Silver Solder 
in position for braz 


ing 


Speed Assembly 
Work 


Eliminate Rejects 


. . Meter Silwer Solder to 
un Paid 8 Detter Beet 
“ . Fiow In and Around 
“ Joints 
om hue? 
 Miunaer’ 
ws 
- FREE... 


16 page booklet 
gives you all the 
facts on better 
brazing with pre 


forms. Write Today! 


hukas 
Mina UPT 


ENGINEERING COMPANY 
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You get MORE in o Stialafflr, 


when you specify NIV SAL | SPECIAL 


| CHECK VALVES 
for 
A | Submersible 
o g | Pumps 
Giant step ...% 
RUBBER POPPET 
Ah Tapped one or two . 
ea holes for attaching 
Pressure Switch, 


Pressure Gauge or 


in design and layout drafting sags gy 


Here’s the answer to your Check Valve 
problems on submersible pumps. The 
taper-type rubber poppet is noiseless, 
does not leak, opens easily. Works in 
any position. 











All bronze body. Five sizes, 4%” 
through 2”. May be tapped for one or 
two side connections as shown. Used 
as original equipment by many lead- 
ing pump manufacturers. 

Write today for Bulletin 202, or telephone 

Harrison 3313 for more information. 


STRATAFLO PRODUCTS, INC. 


FORT WAYNE, INDIANA 
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Exclusive 10” Graduations on Both Beams provide, 
in effect, Dimensional Grid Reference...Invaluable for 
Long Lines, Accuracy and Reference Point Transfers 


EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 
: ve i ate is $31.20 per inch for 
The Advanced New Universal al afvertiiag sqpenting om 


other thar 
requency rates quoted 


Tracmaster ss ge MOSRANED aE 


ids in this style % the above 








ENGINEERS 
Manufacturer of Packaging Equiment has an oppor- 
tunity in a new product development group. Expe- 
rience in machine design required, preferably in 
the food packaging field. Engineering degree pre- 


‘. - I te T figure advanced payment count 6 
X-Y Track Drafting Machine verage words to a'line. 
ferred, but not essential. Age and salary open. 


Le ® Safe, accurate balancing 
“ at ANY board angle. 
No adjusting. 
j Built better to last Write Personnel Department. 
longer... Exclusive FOOD MACHINERY & CHEMICAL CORP. 


= _ Canning Machinery Division 
5 Year Guarantee. HOOPSTON, ILLINOIS 








Exclusive rugged beam 
rails for permanent, true 
straight line tracking. 


Look to UNIVERSAL 


The RIGHT drafting machine for every drafting need 
® UNIVERSAL TRACMASTER ® UNIVERSAL DESK-TOPPER* 
® UNIVERSAL BOARDMASTER* @ DURALINE* SCALES 


THIS EMPLOYMENT OPPORTUNI- 
TIES SECTION offers a quick, effec- 
tive solution to your manpower 


problems. Because its readership 


* TRADEMARK 


Write today for complete information 


UNIVERSAL DRAFTING MACHINE CORP. 
7960-86 Lorain Avenue . Cleveland 2, Ohio 
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is confined to just the type of men 
you need, waste circulation is 


avoided. 
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Current Reprints continued 


With What Do the Russians Weld? 


Latest Soviet tec hniques—electro-slag, sub 
meiged-arc, and stored-energy welders. Jan 19 
Circle E 60 


Engineer Salary Surveys 


Engineers Joint Council says engineer salaries 
ire up 13 since 1956. GE reports effect of 
higher living costs. Jan 5 Circle E 59 
Mixed-flow Impellers 

When ai pressure requirements are 

high for ax nd t low for centrifugal fans 


Jan 5 Circle E 58 


Carpet Plotting for Hi-temp Data 


Data sheet show interaction of stress. str 


ind temperature. Jan 5 Circle ] 


Gear Standards 


Proposed all-in r 


Swivel Joints 

These ba 

ign Dx 

Relays 

Monev-saving 5 ‘ 17 questions that help 


oid overdesi No 5 Circle E50 


Tap the Reserve Strength in Metal 
Charts and formulas for determining how 
bevond t trengeth lare go. Sep 2 


58 Circle E 49 
Springs that Store Energy Best 


Ny} pring shape Nov 10 °58 
Circle E 45 


How shape and material govern efficienc 


QUANTITY PRICES 


For single shipments of an 
ne address on order accompanied by remit 


tance, quantity orders will be supplied at th 


| 
following prices as long as the supply lasts 
Quantit Price pe 


op\ 
} 


10 Write for quotation 
Make checks payable to PRODUCT ENGI 
NEERING, 330 West 42nd St., New York 
6, N. ¥ 





‘Gentleme it 
P 6 i ill | he . ’ 
fhese revision ull enefll Pumanity 


what they will do for Acme isn’t to be 


eS without saying... 


sneezed al 


New Bell & Howell Movie Camera 
DRIVEN BY A NEG’ATOR* MOTOR 


Another top motion picture camera excellent speed regulation. The 





manufacturer has adopted the NEG’ NEG’ATOR provides a maximum out 
ATOR Motor as a camera drive unit put torque of 4.0 lb.-in. at full wind 
As shown above, Bell & Howell and maximum torque decrease is only 
engineers have designed a NEG’ATOR 0.8 lb.-in. (20 during entire out 
Spring Motor and have applied this put run 
motor to their new Series 240 Movie simplified mechanism. Bell & 
Camera. By doing so, they gained the Howell engineers took advantage of 
following distinct advantages. the NEG’ATOR’S level torque curve and 
...longer film run per wind. The’ designed an ingenious, low-torque, 
NEG’ATOR drives 32 feet of film per loose-ball governor which saves space 
wind or 80 seconds of continuous’ and gives excellent speed regulation 
shooting at normal speed of 16 frames This application represents still an 
per second. other instance where a NEG’ATOR 
.no “jump” or “skip.” The Spring provided the means for product 
NEG’ATOR solves an old mechanical improvement at reduced cost. Many 
motor problem |by releasing spring other such examples are included in 
energy smoothly without intercoil Hunter Bulletin 310N. Why not send 
friction. for a copy now? 


*NEG’ATORS is a registered trade mark of 
Hunter Spring Company. 





| THE HUNTER 





Balto m hfe). 


votolal 4 labGaiclaet ME telalale| 


HUNTER SPRING COMPANY 
5 Spring Avenue, Lansdale, Pennsylvania 


Manufacturers of: Precision Springs, NEG’ATOR & FLEX’ATOR Constant-Force Springs, 
Stampings & Assemblies, Retriever Reels, Force Gages, and Wire Fatigue Testers 
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(Advertisement) 


MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


BEARING FITS AND 
FITTING PRACTICES 


As shown in Fig. 1, the fitting of 
Micro-Bearings, like the fitting of 
larger ball bearings, chiefly involves 
the clearances between the inside di- 
ameter of the housing and the outside 
diameter of the bearing; the bore of 
the bearing and the shaft diameter. 


Housing Diameter 


Bearing OO 





Sheoft Diometer 


Bearing ID 





The achievement of the desired fit 
by dimensioning is illustrated in Fig. 
2. The bearing ID is represented by 
the top blocks and the shaft OD is 
represented by the lower blocks. Such 
a block diagram could also be applied 
to housings and bearing outside di- 
ameters. In this block diagram, it will 
be noted, the bearing ID is represent- 
ed by a .00015 tolerance with a simi- 
lar tolerance for the shaft. A resulting 
fit of line to line to .0003 loose is 
shown. 


.12500 12495 Jae -12485 


ae eine 
thes Bearing ID L 


12485 
FIG.2 


An interference fit not tighter than 
line to line is suggested for the fol- 
lowing reasons: 

1. Difficulty in assembly. 

2. Difficulty in disassembly. This 
is often more hazardous than 
the assembly operation and 
may result in total bearing 
destruction. 

Reduction in radial play. 
Danger of bearing ring con- 
forming to possible poor ge- 
ometry of mating shaft or 
housing. 


TOLERANCE DISTRIBUTION 
The maximum .0003 loose condition 
shown in Fig. 2 may be excessive in 
some applications. The fitting problem 
then resolves itself to reducing this 
extreme, and yet maintain the maxi- 
mum tight fit of line to line. The 
looseness may be reduced by redimen- 
sioning the shaft to .12490/.12475 as 
shown in the block diagram, Fig. 3. 
12500 «12495. 12490) .12485 Shoft OD 
ee T | m, 
a oS a EE 


— Bearing 1D 12490 112485. .12480  .12475 


Shoft OD 


—+ 


-12480. .12475 .12470 











FIG.3 


If the frequency distributions of shaft 
and bearing ID sizes were statistically 
normal, the modal fit of all parts 
would be 0.0001 loose. Accordingly, an 
insignificant percentage of parts 
would be mated to the extreme values, 
and for practical purposes could be 
ignored. 

With regard to bearings’ outside 
diameters and bores, however, nor- 
mality of the distribution curve can 
not be assumed. During the grinding 
operation, the “most metal tendency” 
tends to skew the frequency distribu- 
tions for bearing ID’s and OD’s in 
the direction of most metal. 

In grinding and finishing shafts 
and housings, similarly skewed dis- 
tributions occur. 

Operating on a modified probability 
distribution of tolerance is possible if 
the volume of parts is sizeable. But 
the approximate distribution of shaft 
and housing sizes must be verified if 
this method is to be used. 


MATERIALS and SURFACE FINISHES 
The ease of assembly is also affected 
by materials and finishes. The follow- 
ing factors must be considered: 

1. The galling characteristics, 
hardness and ductility of the 
materials involved. 

Finish lay patterns produced 
by various tools and_tech- 
niques used. 
RM S surface 
achieved. 
Geometry of shafts and hous- 
ings as regards out-of-round- 
ness, taper, etc. 
The possible combinations of these 
elements in any single application are 
so numerous that their gross effect 
can only be ascertained by trial and 
error, or by a detailed study of 
operations on individual applications. 
A more complete discussion of fitting 
practices, including sizing methods 
and coding, is found in our design 
handbook. 


DESIGNERS HANDBOOK 
FREE TO ENGINEERS 


If you work with miniature bearings, 
you'll find this new, 70 page authori- 
tative publication a great help in solv- 
ing problems in de- 
signing instruments 
or small electro-me- 
chanical assemblies. 
It will be sent 
free to engineers, 
draftsmen and pur- 
chasing agents. 
Write to: 


value 8s 


finish 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
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| expert on Diazo reproduction. 


Only Bruning’s /Qy, Years-Ahead Comox 675 


Offers So Many Operator Conveniences! 


Look! No Hande/ 


But the Paper Stays in Place! 


No hands need hold paper on 
the feedboard of Bruning’s new 
Copyflex 675 reproduction ma- 
chine. A unique system of vacuum 
ports keeps material in position 
until the operator is ready to feed 
it into the machine. 


This is just one of many new, 
advanced operating conveniences 
that include an exclusive four- 
way tracing tray that adjusts to 
stack or to permit fast removal 
of tracings...a feed band system 
that eliminates curling and wrin- 
kling of tracings...enclosed, easy- 
to-load feed rods for roll stock... 
an electrically controlled machine 


(BRUNING ) 





height adjustment, and a split- 
shade lamp control that enables 
simultaneous insertion of differ- 
ent materials. For added conven- 
ience, there’s a handy storage 
drawer and swing-out ash tray. 


Add to these operator conven- 
iences the 675’s 46-inch printing 
width, a mechanical speed of up to 
75 f.p.m., and a fast-printing 7,500 
watt lamp variable to 5,000 watts. 
All this, plus many other advance- 
ments, puts the “675” years-ahead 
of any other reproduction machine 
on the market. It’s the modern 
whiteprinter that gives your oper- 
ators MORE to do MORE for you. 








Copytlex § 


Charles Bruning Company, Inc., Dept. 2-W 
1800 Central Road, Mount Prospect, Ill. 


Offices in Principal U.S. Cities 


Diazo Reproduction at Its Best 


In Conada: 
Please send me my free booklet on the new 


105 Church St., Toronto 1, Ont 


Copyfiex Model 675. 


Title 





The Bruning Man is your e 








He’s backed by a company with 
over 60 years’ experience as 
researcher, manufacturer, and 
supplier. He’s located in prin- 
cipal U.S. cities. 
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SOUND 
DESIGN 


Designed right, with all the experi- 
ence that has made Ruthman Gusher 
Coolant Pumps the leader in their 
field, Baby Gushers are ideal for ma- 
chines requiring a nominal volume 
of coolant. 


ECONOMICAL 


PERFORMANCE 


Your Baby Gusher will give you ex- 
cellent and economical performance 
on your metal cutting equipment. 
Pumps up to 25 gallons per minute 
at 15 foot head. Uses less power when 
throttled—requires no priming. Cool- 
ant flow starts instantly. 


ONG LIFE AT 
MODERATE 


The original cost of your Baby 
Gusher is moderate . . . maintenance 
cost is at an absolute minimum. Pre- 
lubricated ball bearings need no fur- 
ther attention. No packing or seals. 
There are fewer parts to wear. No 
metal to metal contact. 


Model 6-P-3 


You Get All 3 witha 


osT 





3 





gor mPr 
OISCHARGE 













a 6"DIA 


7 wer Heme Lin€ 








Pre) 
7 ? 
A 4 
DOUBLE INTAKE | 
(MPELLER 6056 
- 
a 
— 
— 
s 
a 
< 
s 
= 





° 5 10 is 
GALLONS PER MINUTE-—SOLUBLE COOLANT 
HEAD AND GPY MEASURED AT DISCHARGE 


IMMERSED TYPE 


BABY GUSHER 


Other models of Baby Gusher and Tank Unit availabie. 


in 


Write for Catalog. " 


THE 


h 


m a 
1818 Reading Road, Cincinnati, Ohio 


MACHINERY CO. 


* COOLANT PUMPS 
* CIRCULATORS * AGITATORS 
* MOLTEN METAL PUMPS 
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teemed tradem 


and enhance your 
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Make CORNISH your headquarters for 


CUSTOM 


CORD SETS 


ADEQUATE 
WIRING BUREAU 


CORNISH WIRE CO., 


50 Church Street New York 7 














REPRESENTATIVES 
@ ATLANTA BRIDGEPORT @ CHARLOTTE @ CHICAGO 
CLEVELAND @ DALLAS DENVER @ DETROIT 
@ LOS ANGELES @ MINNEAPOLIS @ PHILADELPHIA 
@ ROCHESTER @ ST. LOUIS @ SAN FRANCISCO @ SEATTLE 


@ Stock carried 


Quality Wire Products 





Producers of 
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Whether you are filing a few hundred or hundreds of thousands of drawings, you will 
find easily expanded and easily altered Pack Inter-Lock units give you both the 
accessibility and the flexibility you need for efficient filing. 


Ingenious new way 
to solve drawing 
storage problem 


Finding a place to store drawings is 
becoming a tougher and tougher job 
every year. 

One hope toward finding unused 
space for storage seems to lie in 
using what is now thought of as 
““dead space’’...the area between 
the top of present filing systems and 
the ceiling... between files...under 
tables and many other nooks and 
crannies where it would not be prac- 
tical to put a full sized filing unit. 

These are some of the reasons 
why much interest is currently being 
shown in the newly introduced Pack 
Inter-Lock filing system. 

The basic unit of a Pack Inter- 
Lock file is a cylindrical air-tight, 
dust-tight, light-tight compartment 
in which one drawing, or many draw- 
ings rolled together, or four separate 
rolls of drawings may be stored. The 
door of each unit contains a card 
serving as an index for the drawings 
inside. Color coded index cards, spe- 
cially made for the Pack File, can be 
slipped into the door slot to show 
the current status of a drawing. 

These compartments dovetail into 
each other and are locked into posi- 
tion by metal key pins that simply 
drop into position, thus making 





stacks of files into solid units. The 
stacks are easily altered, permitting 
great flexibility in arrangements of 
file space. 

Although especially appropriate 
for storage of inactive or obsolete 
drawings (with a complete project 
of up to 30 tracings group-rolled into 
one compartment), Pack Files are 
also convenient for current work. 
The funnel-shaped openings provide 
fingertip removal or insertion of 
drawings without damaging them. 
Excellent protection is assured in 
the crush-proof, fire-resistant com- 
partments. 


For more information on Pack Inter-Lock 
filing systems, write today to Frederick 
Post Company, 3664 N. Avondale Ave- 
nue, Chicago 18, Illinois. 





SENSITIZED PAPERS & CLOTHS ¢ TRACING & DRAWING MEDIUMS © DRAWING INSTRUMENTS & SLIDE RULES 
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"Hot- Chot Acce 


aT “aE, - 


mbling’| 








with MADISON-KIPP 


zinc and aluminum die castings 


‘“Hot-shot assembling” is a shop term but 
it is literal, because inserts are put in place 
and liquid metal under high pressure is 
shot into the die to surround and anchor 
the inserts in the die casting. 

In many cases the advantages of cast-in 
inserts provide substantial cost savings 


even though the casting process is slower 


than when no inserts are involved. 

The seasoned and skilled Madison-Kipp 
mechanics have had long experience in 
““hot-shot assembling.” They may be able 
to assist you in your problems. 

Please clip this ad as a reminder to 
contact us when you have die casting 


requirements. 


2 & MADISON-KIPP CORPORATION 


206 WAUBESA STREET + MADISON 10, WIS., U.S.A. 
” ie. 
Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering Originators of Really High Speed Air Tools 
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ira FACTS for FILING on 
ae ~=RUBBER COMPOUNDS 


Special Compounds for Every Requirement! 


a’ 





Every rubber part has its own peculiar identity 
because of different applications and requirements. 
This fact is thoroughly recognized by Minnesota 
Rubber Engineers. Because of this they have de- 
veloped a wide variety of compounds that will meet 
almost any need. However, they are constantly on 
the search for new compounds to meet new applica- 
tion requirements. They work with every elastomer 
known—Buna N, Polyacralate, Neoprene, Butyl, 
Silicone, Viton A, Hypalon, Vyram, Natural Rub- 
ber, Urethanes, and many others that are known 
by chemical names only. The chart gives general 
physical properties of several commonly used 
elastomers. 














Relative Properties of Natural and Synthetic Rubber 


m GR-s Buty! Nitrote 

operty ubber Buna $ Thiokol 

, ASTM ABBR. (NR) (nr) —_ oon 

Tensile Strength (psi) 
Pure Gum Over 3000 


Black Load Stocks Over 30 





Hardness Range 
(Shore Duro A) 


Specific Gravity (Base 
Material 


Tear Resistance 


Abrasion Resistance 





Solvent Resistance 
Aliphatic hydrocarbons 
Aromatic hydrocarbons 
Acid Resistance 
Dilute 
Concentrated 
Oxygenated solvents 


ketones, et 





Permeability to Gasses 
Oil and Gasoline Resistance 


Animal and Vegetable-Oil 
Resistance 


Oxidation 

Sunlight Aging 

Heat Aging 

Resistance to Swelling in 
Lubricating Oil 

Resistance to Water 
Absorption 





Resistance to Lacquer 
Solvents 


Flame Resistance 
Cold Resistance 
Heat Resistance 
Ozone Resistance 
Dielectric Strength 


Electrical Insulation 


Compression Set 
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water-lubricated GRAPHITAR 


(CARBON-GRAPHITE) 


bearings in ‘‘canned’’ motor pumps 


give exceptional performance in 
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Special hermetically sealed motor-pumps, known 
also as “canned” motor pumps, were developed 
by Westinghouse Electric Corporation to handle 
radioactive water with zero leakage. These same 
pumps have proven a convenient means of pump- 
ing high temperature fluids for a number of 
nuclear reactors and other high pressure, high 
temperature fluid applications. 


The thrust bearing utilized in the “canned” motor 
pump is a self-equalizing, water-lubricated, 
pivoted-pad bearing with inserted GRAPHITAR 
bearing surfaces. The radial sleeve bearings are 
also made of GRAPHITAR and are designed to 
be lubricated by the pumped fluid only . . . in 
the case of pumps used in nuclear reactors, only 


fluid systems 





radioactive hot water is employed as lubrication. 


GRAPHITAR is utilized extensively in tough 
applications because of its many unusual proper- 
ties. It is non-metallic, resists chemical attack, has 
self-lubricating properties, a low coefficient of fric- 
tion, is mechanically strong, hard as steel and 
lighter than magnesium. GRAPHITAR will not 
warp and shows no expansion or contraction in 
extreme temperature changes. 


This versatile engineering material, 
GRAPHITAR, may well solve one of your 
difficult design problems. For further in- 
formation on GRAPHITAR and its many 
applications, send for our engineering 
manual No. 20. 
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